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years that have gone before. 

Even in places that were once 

considered pure utility we now 

find that the old black stove has 

given place to its clean coloured 

counterpart, with matching 

refrigerator and kitchen furniture. 

The bathroom has an air of 

cleanliness and freshness in its pastel shades. 
Blythe Colour Works contributes to the sunny 
scene by supplying enamels, frits and oxides for 


all purposes and every manufacturing process. 
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8 bows practice of fabricating articles from steel sheet protected from corrosive attack 
by a coating of tin or zinc applied by dipping the sheets into molten metal has a long 
and honourable history, and the fact that at the present time many millions of containers 
for foodstuffs and other products are made from tinplate is a certain indication that 
this material exhibits most of the qualities which are demanded of it. 

The can-manufacturing industry is one of the most highly productive industries which 
exists and the output of cans is at a staggeringly high rate. The techniques and equip- 
ment which make possible these very high rates of production can only be applied 
because there 1s available a material—tinplate—which lends itself in so many respects, 
both to the production requirements, and to the performance requirements of the finished 
article. This applies just as forcibly even though a great deal of present-day tinplate is 
produced by electrodeposition rather than by hot dipping. 

Similarly in the case of zinc-coated sheets, where again electrodeposition is being 
increasingly favoured as a means of applying the coating, very high production speeds 
in the case of certain holloware and other domestic articles have been achieved, notably 
in the U.S.A. by fabricating from pre-coated sheet rather than by galvanizing after 
manufacture. Furthermore, extensive and increasing use is being made of zinc-coated 
sheet in Europe for the manufacture of car bodies with a marked improvement in the 
quality of finish ultimately obtainable and in the performance of the finish in service. 

Apart from the traditional tin-, terne- and zinc-coated sheets, there are also available 
in this country a few other types of clad and coated materials, notably nickel-plated steel 
strip, tinned brass and copper strip, and nickel-, brass- or copper-plated zinc sheets 
among the electro-coated materials, and nickel- or stainless-steel-coated steel among the 
clad materials. For certain purposes lacquered strip is also obtainable. 

The supply position of pre-coated sheet and strip in this country bears no comparison 
with that obtaining for example in the U.S.A. where any type of metal can be obtained 
with virtually any type of coating. 

Undoubtedly for many purposes the utilization of pre-plated and polished strip in a 
suitable finish could provide an article with a perfectly adequate final quality of finish 
and would considerably reduce finishing costs. Indeed for certain types of product the 
fabrication of pre-finished sheet is the only economic or possible method of production, 
the classic example of this being the production of the decorated metal container which 
can exhibit a very high quality and attractive finish after having been formed from sheet 
painted and decorated in the flat. 

Reference has been made earlier to the fact that Continental experience is revealing 
the benefits of using zinc-coated strip for an increasing number of applications, and if 
this resort can help to stem the still significant flow of complaints about early failure of 
painted finishes, its adoption would surely be worthwhile. 

Furthermore, it is manifestly simpler to subject a flat sheet or even a continuous strip 
of metal to the numerous processes required by modern finishing techniques than it is to 
apply these same processes to a fabricated article, and in consequence the production 
of an equivalent degree of finish on the sheet could be effected more economically. 

While there is a clear limit to the extent to which they can be utilized, there is no 
doubt that the availability of a wider selection of pre-coated materials could do much to 
assist the quantity production of many finished articles. 
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IN GLORIOUS TECHNICOLOUR 


HERE is a quirk in the British national 

character which makes us incline to the view 
that anything which does us good must necessarily 
be unpleasant to take. This goes for medicines, 
lectures and technical papers. Yet the assimila- 
tion of information need not be a dull proceeding, 
and neither need its presentation be sonorously 
soporific. A light touch does not necessarily 
detract from the significance of a paper or a 
technical article if it is carefully applied, and 
pomposity is not an essential concomitant of 
erudition. 

These thoughts are prompted by looking 
through the Central Film library’s new edition of 
their catalogue “‘ Films for Industry.” Over 600 
films are listed and described in this illustrated 
catalogue and it is possible to find something 
dealing with almost every branch of technology. 
Films constitute a pleasant way of communicating 
knowledge of a certain kind, although they have 
their limitations. Often they are too elementary 
for many technical audiences, and worse still, they 
are incapable of replying to a discussion. They 
are also expensive to make, and most of them tend 
to cover too much ground too sketchily. Yet in 
spite of these factors, technical films have estab- 
lished a definite and important place of their own 
in the dissemination of knowledge, notwithstand- 
ing the fact that they “ date” rapidly and new 
films are constantly required. 


NEW BEARING 


LECTRODEPOSITED meials are playing an 

important part in the bearing field, and lead, 
tin, indium, silver and other metals are being 
applied in this way on quite a considerable scale. 
Yet so far the choice of a metal or alloy for a 
specific bearing application has been largely 
empirical in the absence of any real theory upon 
which the selection of the metal to be used might 
be based. 

However, the recent publication in the U.S.A. 
of a comprehensive new theory of the performance 
of bearings seems to offer a useful series of criteria 
which may open up new opportunities for the use 
of electrodeposits in this sphere. Briefly, the 
authors claim that when many metals are rubbed 
against iron, on which most of the experiments 
were carried out, the two surfaces will stick if the 
atoms of the former are about the same size as 
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the iron atoms, since there will then be many 
points of contact where chemical bonds can form, 
Thus, good bearing metals should have atomic 
diameters at least 15 per cent larger than those of 
iron atoms. They should also form covalent 
compounds with iron, as the covalent bond js 
weak and therefore does not impair sliding. 

In the case of alloys of good and poor bearing 
metals, the former metal should melt at a lower 
temperature than the latter; the poor 
metal when melted by overheating will then 
smear a film over the bearing surface and this 
will insulate the journal from the poorer metal, 

The theory has been tested so far in the case of 
some 40 elements against iron. 


INITIATIVE WANTED 


RE-ANODIZED and coloured sheet, strip 

tubing and other forms of aluminium ar 
being produced quite extensively in the U.S.A. 
but not yet in this country to any extent. The 
material can be roll-formed, whilst shallow draws 
are also possible. Patterned and shaded effects 
can also be produced. 

The advantages to the user of such materials 
are considerable, as the customer may not have 
the required finishing plant himself and be 
reluctant to embark on a new skilled process with 
all its difficulties in the way of obtaining and 
training labour, and so on. Sending work out for 
finishing also sometimes presents difficulties. 

It is not always easy to assess the demand fora 
particular product until one actually starts making 
it. It might well be that if a firm .of anodizers 
were to catalogue a range of standard finishes in 
strip or sheet available ex stock the demand would 
prove surprisingly good. Nickel plated strip 
has been available for many years, and the sale of 
zinc-plated sheet is also good. This augurs well 
for an extension of the idea of marketing a much 
wider range of pre-applied finishes than exists at 
present. Looking at the matter from a broader 
standpoint, we need to export products having 4 
high conversion value. This means products in 
which a substantial part of the value lies in the 
work put into them, rather than in the value of the 
material of which they are made. 

In this sense metals with special finishes cat 
command a good price, and it is in the national 
interest to sell them rather than to export the 
usual sheet or strip untreated. 
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The Development of Modern 


pHi INSTRUMENTATION 
and its Applications 


LTHOUGH those most concerned with 
A oiating and allied finishing processes under- 
sand the meaning of pH and recognize its 
importance to the correct functioning of their 
processes, it may perhaps be of value to describe 
the modern improvements in pH measurement 
and the contribution they have made to metal 
finishing. 

The determination of pH (hydrogen-ion con- 
centration), coupled with acidity or alkalinity 
measurements and analytical titrations, is a 
commonplace operation in the plating shop. 
Originally these determinations were carried out 
with the use of some form of colorimetric indi- 
cator, either in a solution or on a paper. The 
disadvantages of this technique are well known; 
these include uncertainty of colour change, 
erors due to interfering substances, and length 
of time required for a cautious titration. Their 
use is also almost impossible in dark or strongly 
coloured solutions. 

The alternative is to use an electrometric 
method; the previous objections to limited pH 
range of application, temperature errors and 
difficulty of instrument operation have been 
overcome and, as will be seen later, equipment is 
now available which permits of precise measure- 
ment and control by relatively unskilled personnel. 


Electrode System 


The heart of the electrometric pH instrument is 
the glass electrode, fitst produced commercially 
some twenty years ago. It was found that a bulb 
blown from certain glasses develops a small 
voltage when immersed in a solution, and that 
this voltage varies with the concentration of 
hydrogen-ions” in that solution. A_ typical 
construction is shown in Fig. |. The bulb of 
pli-sensitive glass (A) is blown on a stem of high 
tesistance glass (B). The pH voltage (which is 
approximately 58 millivolts per pH unit at 20°C) 
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is developed on the outer surface of this bulb. 
The problem is to feed this voltage to an instru- 
ment capable of measuring it, and of converting 
this measure to pH units. A connexion is there- 
fore made with the inner surface of the bulb, by 
means of a wire sealed inside the electrode and 
immersed in a conducting solution. This internal 
system is usualiy in the form of a silver-chloride 
cell, since this has been found to have the repro- 
ducibility and stability which is an essential 
requisite. A commercial glass electrode is shown 
in Fig. 2. ; 

The second electrode illustrated in the diagram 
is necessary to complete the system. It produces 
a form of reference voltage (i.e. one which is 
independent of the pH of the solution being 
measured) and the second connexion to the pH 
meter. This reference electrode is usually of the 
calomel type (construction as detailed in the 
diagram), and contact is made with the solution 
under test by means of a liquid junction. The 
reference-electrode liquid junction must introduce 
no undesirable voltages when dipped into a 


Fig. 1.—Typical pH-measuring electrode system. 
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Figs. 2 to 5 (right), 















Fig. 2.—Glass electrode, usable over 
entire 0 to 14 pH range. 





* * * 


Fig. 3.—Reference electrode, with 


sleeve-type liquid junction. 





* 





* * 


Fig. 4.—Wick-type reference 
electrode. 


* * 


Fig. 5.—Spear-type glass electrode. 


Fig. 2. 


variety of solutions, as the only variable voltage 
which can be permitted is that due to the pH- 
sensitive bulb of the glass electrode. 

Several forms of liquid junction are available; 
they must guarantee good electrical contact 
(achieved by means of a slow leakage of the 
saturated potassium-chloride electrolyte from the 
electrode), but must not require replenishing at 
too frequent intervals. They should not be 
easily blocked or contaminated by test solutions, 
and should be capable of cleaning (usually by 
flushing out) without difficulty. Fig. 3 shows a 
reference electrode of the conventional sleeve- 
type. The leakage rate of this electrode may be 
rather high (reduced by sealing the upper end), 
but it has considerable advantages in some 
applications. Fig. 4 shows the quite recently 
developed wick-type reference electrode, which 
has the great advantage of low leakage rate and 
ease of cleaning down; a possible disadvantage 
in certain applications is that the asbestos fibre 
wick may be contaminated when used for measure- 
ments in some solutions. A third and frequently 
met with liquid junction makes use of a sintered 
disc. 


Requirements of pH Meter 


It will be seen from the above that the output 
from the electrode system can be regarded as 
being made up of two components. Besides the 
pH-dependent voltage from the sensitive bulb, 
there are also the voltages developed by the 
reference electrode and the internal cell of the 
glass electrode; these latter voltages are indepen- 


















Fig. 4. 





dent of pH. The pH meter has therefore to be 
capable of offsetting these standing voltages; 
in practice one of the steps in the setting-up 
procedure before starting a series of pH deter. 
minations is to immerse the electrodes in a buffer 
(i.e. known pH) solution and adjust a control 
until the instrument gives the correct reading— 
this is in effect offsetting the cell voltages. The 
glass electrode develops 58 mV. per pH unitat 
20°C; the instrument must therefore convert this 
voltage into a pH reading. The problem is 
complicated by the fact that the glass electrode 
sensitivity varies with temperature, rising to 
approximately 60 mV. per pH unit at 30°C. and 
74 mV. per pH unit at 100°C. This means that 
the pH meter sensitivity must be adjustable to the 
same degree. Originally this was achieved by 
means of a calibrated ‘‘temperature compensator” 
dial on the instrument; in some modern instri- 
ments a resistance thermometer immersed in the 
test solution alongside the glass and reference 
electrodes automatically adjusts the pH meter 
to the correct sensitivity for the temperature at 
which measurements are being made. 

A second temperature effect is that the cell 
voltages (pH independent) also change with 
temperature. Compensation for this effect is 
rather difficult for a wide range of temperature; 
a technique which ensures standardization i 
buffer solution at a temperature near that of the 
sample effectively eliminates the necessity for 
corrections. 

No pH meter makes correction for the change 
in pH of the solution with temperature, since the 
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Fig. 6.—Direct-reading, 
mains-operated pH 
meter/millivoltmeter. 





variation is different for each liquid. 

The pH meter must also be capable of dealing 
with the very high electrical resistances met with 
in modern glass electrodes, and must be stable 
and reproducible in its response. 


Recent Advances 


In the field of glass electrodes, glasses are now 
available which are usable over the entire range 
of 0 to 14 pH, and at elevated temperatures. 
Many specially designed forms are available for 
particular applications; these include the Spear 
Type shown in Fig. 5, which is invaluable for 
determinations on pastes and semi-solids and 
wherever great robustness is a major consideration. 

Until a few years ago, all pH meters were of the 
potentiometric type, in which the electrode 
voltage was opposed by a second voltage 
generated inside the instrument. This second 
voltage was adjusted manually until a_null- 
balance detector (such as a galvanometer) 
indicated that it equalled that from the electrodes, 
the pH value being read off the calibrated dial of 
the potentiometer control. Although the poten- 
tiometric pH meter is capable of high accuracy, 
it requires skilled handling and, requiring to be 
balanced before each pH determination, makes 
the following of acid/base and other titrations a 
tedious procedure. Automatic temperature com- 
pensation is rarely possible in this type of 
instrument, and,it is of course unable to drive 
tfecorders or operate pH controllers and alarm 
systems. 

The advent of the direct-reading pH meter 
marked a great step forward in pH instrumen- 
tation. Basically, it consists of an electronic 


amplifier terminating in an indicator meter which 
gives a direct reading of the pH being measured 
by the electrode system. Although a numberof 
the pH meters available are single-stage in- 
struments, a very greatly improved performance 
can be obtained by the use of 2 or even 3 stages of 
amplification, high circuit stability and linearity 
being achieved by means of negative feedback. 
An instrument such as is shown in Fig. 6 can 
operate with high-resistance (robust) glass elec- 
trodes, and.is capable of feeding external circuits 
(such as recorders etc.), with a resistance up to 
10,000 ohms. This facility is extremely useful in 
the case of industrial instruments, as will be seen 
later. 

A particular advantage of the direct-reading 
pH meter is that it proves to be superior to all 
other methods in the following of acid/base 
titrations (e.g. acidity of passivating solutions). 
Since the pH value is at all times shown by the 
instrument, the titration can be carried out as 
fast as the chemical reaction will allow, without 
sacrifice of accuracy and reproducibility. 


Laboratory pH Meters 


Broadly speaking, there are requirements in 
industry for three types of direct-reading pH 
meters, viz. laboratory, portable and industrial. 
Most firms place sufficient importance on pH 
measurement to make the installation of a 
laboratory pH meter desirable. The requirements 
are that the instrument should combine accuracy 
with reasonable price. As it is mainly used in one 
place, mains operation is an advantage, provided 
that the design of the instrument is such that it is 
virtually unaffected by the variations in mains 
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Fig. 7.—Fully protected electrode assembly, with built-in 
automatic temperature-compensating resistance thermo- 
meter. 


voltage and frequency met with today. For 
greater flexibility, it should also be easily trans- 
portable from one site to another. 

The instrument illustrated in Fig. 6 is a com- 
bined. pH meter/millivoltmeter, this additional 
facility being extremely valuable for redox 
measurements, potentiometric titrations, cor- 
rosion potential determinations and plating 
thickness testing (see later). Both manual and 
automatic temperature compensation is fitted, 
selected at will by the operator. 

Typical electrode systems are shown in Fig. 7 
and 8. In Fig. 7, the glass and reference electrodes 
are mounted in a protective polythene sheath; 
this also acts as a temperature-compensating 
device by virtue of the resistance thermometer 
winding sealed in the lower end. The open 


assembly in Fig. 8 mounts the electrodes side by 
side, with a rod-type resistance thermometer as 
the third element. 
Portable Instruments 
This category covers equipment required for 


Fig. 8 (above).—Open-type electrode 
assembly, with rod-type resistance 
thermometer. 


Fig. 9 (left).—Fully portable battery- 
operated pH Meter (direct reading). 
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10 (right).—Industrial pH amp- 
lifer, showing plug-in unit con- 
struction for easy servicing. 


Fig. 11 (left). 
—TIndustrial 
pH-recording 
panel, with 
large 
indicator 
meter. 


on-the-spot measurements in the various plating 
baths, and for routine checks on factory effluent 
and wash waters. Fig. 9 shows the modern trend 


inthis type of instrument. It is battery operated 
for convenience, and small and light enough to be 
carried about from place to place. Being 
inexpensive, it makes possible the use of a separate 
instrument in each department, instead of a 
single instrument which is kept in the laboratory; 
delays due to submitting samples for test are 
thus avoided. 

In this type of application, an accuracy of 0.05 
pH is quite acceptable (i.e. some four times better 
than that from most indicator papers); one of 
the most important features should be simplicity 
of operation and elimination of all unnecessary 
controls. 


Industrial Instruments 


Here the requirement is for a robust instrument 
Which is suitable for long periods of continuous 


operation under factory conditions. In view of 
the increasing application nowadays of this type 
of instrument to the close control of solution pH 
value, it should preferably be capable of 
laboratory standards of accuracy. Besides being 
able to operate a combination of recording and 
control devices, one important criterion of this 
type of equipment is that it should be specially 
designed with the necessity for quick and easy 
servicing in view. Once an instrument is instalied 
on a plant, it is vital that maintenance and service 
delays shall be cut down to the absolute minimum, 
since satisfactory operation of the plant very often 
depends upon its continuous functioning. The 
type of construction necessary to fulfil this 
specification is shown in Fig. 10. It will be seen 
that the electronic circuits are split into two 
sections, and that either or both can be replaced 
by a service spare in a matter of minutes. 

In the matter of industrial electrode assembly 
design the same considerations apply. It is 
apparent that the construction must necessarily 
be robust if the electrodes are to be handled by 
plant personnel; replacement of electrodes must 
also be a simple operation. Typical industrial 
assemblies are illustrated later. 


Ancillary Equipment 


Although many industrial instruments are used 
simply for indicating pH values, the great majority 
are required to operate external devices; the 
addition of a recorder and large-scale indicator 
meter, for example, enables the behaviour of a 
bath to be followed at a distance, and provides a 
permanent record of performance. A typical 
installation of this type is shown in Fig. 11. 

It is an advantage to eliminate the necessity for 





metal finishing journal march-april, 1956 








pH AMPLIFIER RECORDER / CONTROLLER 











ALKALI 
———— 


CONTROL VALVES 
IMMERSION TYPE 


ELECTRODE ASSEMBLEY 




















Fig. 12.—Typical nickel-plating bath pH-control scheme. 


continuous supervision of a process, and to this 
end some form of automatic control is desirable. 
The simplest system makes use of an alarm relay, 
which is essentially a moving-coil instrument 
fitted with adjustable contacts actuated by the 
meter movement. As the pH value rises above 
(or falls below) a predetermined limit, the meter 
(fed from the industrial pH amplifier) deflects, 
and closes a pair of contacts; these in turn energize 
whatever alarm system (e.g. lights, bells, buzzers, 
etc.), is required. 

There is little difference between this system 
and the next logical step i.e. ON-OFF control. 
In this case, the alarm system can be considered 
as being replaced by a control valve (pneumatically 
or electrically operated). At the predetermined 
PH value this valve opens and doses the process 
solution with a suitable reagent until the pH 
value is acceptable once more. 

Although this system can be refined (e.g. by 
having two rates of reagent addition, depending 
on the variation from the desired pH value), 
larger and more complex plants will usually 
require the installation of automatic controllers 
of the proportional type (usually 2 or 3 term). 
The control of a nickel-plating process described 
later is an example of this system. 


METAL FINISHING APPLICATIONS 


Nickel Plating 


Routine determination of solution pH value is 
a commonplace operation in nickel plating. 
Although the working pH range differs with the 
type of process being used (see Table I), in all 
cases close control is vital to satisfactory electro- 
deposition. Typical examples for particular 
plating formulae are pH 5.6 to 5.8 for dull nickel 
and pH 4.6 to 4.8 for bright solutions. In general, 


Fig. 13 (right) 
—Industrial 
immersion- 
type electrode 
assembly. 


insufficient solution acidity gives rise to yellow 
tinged, irregular and brittle deposits and streaking, 
burning and pitting at the anodes; too low a pH 
value produces blue, brittle and pitted deposits 
and results in gassing at the cathodes. 
Contamination of nickel-plating solutions with 
metals such as copper, zinc, iron etc., is quite 
common; adjustment of the pH value to the 
range 5.0 to 5.5 precipates out these metals as 


Fig. 14.—Industrial pH amplifier, in hermetically-sealed 


case. 
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Fig. 15.—Flow-type electrode assembly. 
their hydroxides. After their removal by fil- 
tration, the solution should once more be re- 
adjusted to its optimum pH value for plating. 

In large-scale plating processes, permanently 
operating industrial pH equipment has brought 
about consistency of deposition, and has justified 
its expense in savings in time and rectification, 
runs alone. Fig. 12 shows a typical installation, 





which safeguards against unwanted changes of 
bath pH in both acid and alkaline directions. In 
the case illustrated, an electrode assembly of the 
immersion-type (see Fig. 13) is permanently 
installed in the solution, and feeds an industrial 
pH amplifier (such as is shown in Fig. 14). This 
in turn drives a combined recorder controller 
which, besides providing a permanent record of 
bath operation, also actuates control valves on 
either acid or alkali addition lines (as required); 
the rate of addition can be made to be propor- 
tional to the deviation of the measured values 
from that necessary for optimum plant working. 
In some cases it is either desirable or preferable 
to make use of the alternative flow-type electrode 
assembly (see Fig. 15), which is fed by a sample 
continuously pumped from the vat. Apart from 
possible disadvantages due to sampling delays, 
this second system has much to recommend it 
from the maintenance point of view, since the 
entire assembly is not continuously immersed in 
the plating solutions. - 


Other Electroplating pH Determinations 


Typical working ranges for a variety of plating 
processes are given in Table I. In all cases glass- 
electrode pH meters provide a more convenient 
and satisfactory alternative to other methods of 
determination; where values are critical automatic 
control similar to that described for nickel above 
can be invaluable. A typical on-the-spot measure- 
ment is 1uustrated in Fig. 16, in which a portable 
instrument is being used. 


Acidity/Alkalinity Determinations 
These determinations are essentially titrations 


TABLE I.—Electroplating Solution pH Values. 





ELECTROPLATING 
SOLUTION 


TYPICAL TYPICAL 
OPTIMUM pH | PERMISSIBLE 
VALUE RANGE 





ANODIZING, Chromic acid 
CADMIUM, Cyanide 


Fluoborate 
CHROMIUM, 
COPPER, Acid Bath 
Cyanide 
Acid-Sulphate 
INDIUM, Cyanide 
N Ferrous Ammonium Sulphate 
Black bath 
Bright bath 
Watts 
Nickel-cobalt alloys 
Electrotyping 
SILVER, Cyanide 
TIN, Acid 
Stannate 
ZINC, Acid 
Cyanide 
Fluoborate 
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of the free acidity (or alkalinity) against standard 
reagents. Typical examples of application of the 
electrometric method are the acidity of passivating 
solutions and sulphuric-acid content of aluminium 
anodizing baths. This type of determination 
should be clearly distinguished from straight- 
forward pH measurements; it is of value in cases 
of very strong acidity or alkalinity, or where 
solutions are very highly buffered. 


Oxidation/Reduction Reactions 


Some analytical titrations essentially involve 
the neutralization of an acid with a base; in 
others there is no change in pH, but a chemical 
reaction results in interchange of ions. If a metal 
electrode is immersed in a solution together with 
a calomel reference electrode, a voltage is 
developed between them and may be read from 
a pH meter/millivoltmeter; change in concen- 
tration of the solution produces a change in this 
voltage. Suppose now a solution which reacts 
with the original is allowed to run in slowly. As 
the reaction proceeds the measured voltage 
changes until, when all the original compound 
has been converted, the electrode system output 
approaches nearer and nearer to the voltage 
which would be obtained from the titrant (i.e. 
second reagent) alone. A _ typical indicator 








Fig. 16 (left).—Typical on-the-spot 
PH determination, using battery- 
operated direct-reading pH meter. 











Fig. 17 (right).—Tungsten elect- 
rode, for oxidation-reduction 
work. 





electrode (having a tungsten element) is illus- 
trated in Fig. 17; an example of the application 
of this technique to metal finishing is the estima- 
tion of free cyanide content in copper solution 
(using silver nitrate). 


Pretreatment Processes 


Typical of the processes which precede electro- 
deposition is the procedure for magnesium. 
After mechanical cleaning and degreasing or 
alkaline soak, the metal is passed through a rinse 
bath. pH measurement of rinse waters is an 
excellent guarantee of adequate washing, and 
some companies continue rinsing (especially 
prior to storage) until the rinse water pH value 
lies in the near-neutral range of 6 to 8. The next 
process in magnesium pretreatment is an acid 
pickle, followed by another rinse. A zine 
immersion coating (pH 10.2 to 10.4) follows 
activating and rinsing. The article should then 


be copper plated (pH 12.2 to 12.8) before its 
final rinse. 


Colouring Processes 


pH measurement is used in the decorative 
black finishing of cadmium with nickel or zinc 
sulphates (pH 5.6 to 5.9). The pH value has an 
important effect on the colour produced; in- 
correct control can give light grey deposits or 
even bring about precipation of basic zinc salts 
(above pH 5.9). : 


Reclamation of Valuable Materials from Rinse 
Waters 

In some processes where the cost of raw 

material is high, an efficient reclamation process 
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Fig. 18.—Automatic titration 
equipment, for fast and 
accurate analysis. 


is desirable. In indium plating, for exampie, 
adjustment of the pH value of the first rinse 
waters (which may be in excess of pH 13) to the 
region of neutrality brings about coagulation and 
precipitation of the metal; this can subsequently 
be recovered by centrifuging. 


Anodizing and Dyeing 

Chromic-acid anodizing of aluminium entails 
accurate pH measurement for most efficient 
operation. The wasteful discarding of entire 
baths can be eliminated if both chromic-acid 
content and pH are checked regularly. A 
combination of specific gravity and pH measure- 
ment enables the required amount of chromic- 
acid addition to be quickly determined. Allter- 
natively, the tedious indicator titration can be 
replaced by the fast and accurate use of a direct 
reading pH meter (possibly combined with an 
automatic titrator such as is illustrated in Fig. 18). 

After anodizing, the coating must be sealed to 
protect against corrosion. The pH value of this 
sealing process should be in the range pH 5.5 to 
6.0. If dyeing is subsequently carried out, close 
pH control is once more essential for uniform 
results (usual range 5.2 to 6.2); this dyeing is 
usually followed by a nickel or cobalt. acetate 
sealing rinse at pH 5.5 to 5.8. The technique for 
magnesium anodizing is similar. 


Alloy Deposition 
The importance of pH control has been 
emphasized by much of the recently published 
description of research work into alloy deposition. 
Under a given set of iron-zinc alloy plating 
conditions, the iron-zinc ratio in the deposit is 


directly proportional to that in the bath. 
Lowering either the current density or the pH 
value increases the zinc content of the deposit. 
In a particular bath at 80°C. it was found that the 
zinc content of the alloy changed by about 3 per 
cent per 0.1 pH unit, over the range pH | to 2; 
typical values are 80 per cent zinc at pH 1.0, 
50 per cent zinc at pH 2, and 44 per cent zinc at 
pH 2.8. Accurate pH control is therefore 
essential for alloy deposition at constant com- 
position. A_ parallel set of determinations 
showed that cathode efficiency fell off with de- 
crease in pH value, from a value of 95 per cent 
at pH 2.0 to 81 per cent at pH 1.0. 

A second paper recently published has des- 
cribed work on the electrodeposition of tungsten- 
cobalt alloys from aqueous solutions. With a 
given solution it was found that tungsten deposi- 
tion increased with increase of pH, from a value 
of 10 per cent of the total deposit at pH 2 to 
75 per cent at pH 8. The curve of cathode- 
current efficiency against pH value showed a 
maximum (85 per cent) at about pH 4.5, corres- 
ponding to 25 per cent tungsten deposition. 

With a different plating formula, higher 
operating temperature, and increased current 
density, tungsten content once more increased 
with pH value (this time from 20 per cent at 
pH 2 to about 40 per cent at pH 8). The curve 
for cathode efficiency, on the other hand, did not 
show the sharp fall experienced previously; 
maximum efficiency (20 per cent) was obtained 
at pH 8 (45 per cent tungsten). 


Metallic Deposition on Non-Metallic Surfaces 
PH is an important factor in the metallizing of 
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non-metallic surfaces (such as ceramics and 
plastics) by electrodeposition. Examples are 
coating with nickel (pH about 5.0), cobalt (pH 
must be less than 6.0) and iron. 


Vitreous Enamelling 


One of the stages in the preparation of surface 
before vitreous enamelling is often a nickel dip, 
which aids adherence and helps to prevent scaling 
at later stages of processing. It is also an essential 
preliminary in the direct application of light- 
coloured enamels to sheet iron. pH control is 
essential to uniform deposition; the modern 
trend would appear to be towards the use of 
solutions more acidic than the pH 6.0 bath 
previously used. 


Plating-thickness Determination 


This is a strictly non-pH use of the pH Meter, 
which takes advantage of the fact that it is in 
reality a high impedance valve voltmeter. 

Readers will no doubt be familiar with the 
B.N.F. Jet Test for the determination of plating 
thickness. The main disadvantages of this 
method are that.it is necessary to stop the jet of 
the solution used to penetrate the plated layer 
periodically to examine the surface; even so the 
penetration point is often difficult to determine, 
particularly with composite coatings. A greatly 
superior technique makes use of the fact that a 
potential exists between a metal and the solution 
in which it is immersed; this potential differs with 
each metal. A lead is taken from the plated 
article to a pH meter/millivoltmeter, and a second 
connexion taken from a calomel reference 
electrode immersed in the solution; the instrument. 
will indicate a certain voltage. When penetration 
occurs, the reading alters because the cell in 
circuit now consists of the bare metal-liquid- 
reference electrode. The sharp change obtained 
makes possible an accurate determination of the 
time necessary for penetration, and gives a measure 
of the plating thickness. 

This technique may also be used to examine 
the quality of plated coatings, since faults and 
thin-spots in the film are quickly detected. 

The Francis thickness test (for very thin films) 
can be similarly adapted to permit the use of a 
pH meter. In this case also, the instrument can 
be arranged to drive a recorder (which draws a 
curve of penetration against time). 


Corrosion Investigations 


Among the more important factors that control 
the corrosion of metal are its normal electrode 
potential and the pH value of the solution in 
which it is immersed. 

In investigations of the effect of hyrogen-ion 
concentration on iron corrosion, it was found 








that rapid attack occured below a value of pH 43, 
At values higher than this the iron became covered 
with a protective coating, but dissolved oxy 
was still able to pass through and corrosion 
continued, although to a smaller extent. Above 
PH 10.5, however, a more resistant coating was 
formed, and corrosion practically eliminated, 
The amount of corrosion was shown to be 
correlated to the amount of dissolved oxygen 
removed from the water, and a series of investi. 
gations measured the amount removed at 
different pH values. 

The laboratory investigation of corrosion 
problems also finds considerable application for 
the millivoltmeter. Work on dissimilar metals 
usually entails the immersion of plates of each in 
salt solution. A calomel reference electrode is 
also immersed in the solution and the potential of 
each metal can be determined with respect to it by 
connecting the metal and reference electrode to 
the millivoltmeter. Attack is found to cease when 
a certain value of potential is reached. 

Oxide films can be examined by measuring the 
potential developed in a similar way to that 
described above. Values have been established 
for the potentials of metals immersed in salt 
solutions of certain strengths, and measurement 
of an oxide-coated metal will indicate whether 
this coating is non-porous (potential approaches 
that of oxide) or extremely porous (potential 
approaches that of the metal itself). This 
technique also permits investigation of the 
tendency for a certain metal to repair weak 
points in its oxide-film. 

Another example of the value of a pH meter 
millivoltmeter in this work is in protective film 
thickness determinations. The thickness of, for 
example, the anodized film on aluminium and the 
carburised surface on case-hardened iron can be 
measured if potential/time readings are taken in 
a corrosive solution. A direct-reading instrument 
eliminates the need for continuous reporting of 
results, since total destruction of the protective 
layer is clearly indicated by the sudden change it 
potential produced. 





INDUSTRIAL FINISHING 
LUNCHEON CLUB 

The last luncheon meeting of the present session of the 
Industrial Finishing Luncheon Club was held as usual at 
the Hotel Rembrandt on Thursday, March 29. The guest 
speaker was Mr. T. C. Cowlard, who spoke on airless 
spraying. 

The opportunity was taken by Dr. W. F. Coxon, 
Honorary Secretary of the Club since its inception, t 
announce to members his resignation from that office 
owing to his increased business commitments. He hoped 
to continue to participate at Club meetings, and he was 
pleased to be able to announce that Mr. John Hooper, 
Editor of METAL FINISHING JOURNAL, had agreed to catty 
on in his stead. 
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FLAME-SPRAYED REFRACTORY 
COATINGS ON METALS a 


Some Details of Practice 


In Use at U.S. Aireraft Firm 


EFRACTORY coatings can now be 

applied to aluminium, stainless steels, tita- 
nium, and many other materials by means of 
a flame-spraying technique recently developed 
by Ohio State University and now in use at the 
Ryan Aeronautical Company, San Diego, Calif., 
U.S.A. 

The technique involves the use of a more or 
less conventional powder-type metallizing gun to 
eject refractory particles on to various deposition 
surfaces via an open gas flame. Relatively little 
heat is thus conveyed to materials with low melt- 
ing temperatures, because the spray gun is in 
constant motion and the heat-softened powder 
particles are subject to rapid cooling after they 
are fused on a deposition’ surface. 

Prior to the development of the Ryan tech- 
nique, refractory or porcelain-enamel type coat- 
ings were usually applied as water dispersions 
which subsequently had to be dehydrated and 
then heat-fused on deposition surfaces in high- 
temperature furnaces or kilns. Besides involv- 
ing high equipment and operating costs, this 
procedure made refractory coatings practical 


Fig. 1—Schematic details of a typical flame-finishing 
unit. 
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only for the finishing of a few iron and steel 
materials because the deposition surfaces had to 
have more heat resistance than their coatings in 
order to withstand kiln firing temperatures. 

Most of the production coatings now being 
applied by Ryan comprise the A-418 ceramic 
composition which was recently developed by 
the National Bureau of Standards for the pur- 
pose of conserving critical metals by permitting 
the use of the more plentiful types of steel in the 
fabrication of parts requiring considerable heat 
resistance. However, porcelain enamels and 
other conventional refractories can be flame 
sprayed, if necessary, and there is evidence to 
indicate that parts requiring maximum heat re- 
sistance will eventually be finished with cermets 
(or combinations of metals and ceramics) such 
as nickel-magnesia. 

Typical parts being finished are combustion 
chambers, exhaust manifolds, and afterburners. 
The latter must withstand temperatures up to 
about 2,000° F. (1,095° C.) in the cperation of 
aircraft power plants now in production. 

The parts are prepared for finishing operations 


Fig. 2.—Temperatures up to 3,500°F are reached in 
these afterburners for, J-47 jet engines. Refractory 
coatings make the afterburners relatively long-lived 
even where certain heat-resistant parts are made 
from non-critical metals. 
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Fig. 3.—This illustration 
shows the _ technique 
used to apply refrac- 
tory coatings to metal 
surfaces with flame- 
spray equipment. 


Fig. 4. — Sandblasting 
equipment is used to 
clean a _ large _ part 
which will be flame 
finished with ceramics. 





by carefully cleaning and roughening their sur- 
faces in a more or less conventional manner. 
Then refractory coatings are applied as layers 
with thicknesses ranging from 0.001 to 0.020 in. 

As a rule, there is no need to preheat the 
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TABLE I. 

Properties of Typical Ceramic Coatings. 
Specific, gravity 1.55 to 2.40 
Mechagical strength Negligible 
Heat sistance ... 2,000° F. (1,095° C.) 
Therm&l shock resistance Excellent 
Machinability... ... Good 
Weldability nk Good 
Colour effects Opaque 
Resistance to most acids Excellent 
Resistance to most alkalis Excellent 
Resistance to oil, water, 

organic solvents ve 

Tendency to oxidize 
Vibration resistance 


and 


Excellent 

None 

... Excellent 
deposition materials are heat from the flame 
spray gun will maintain the temperatures re- 
quired to fuse refractory coating particles. 

The flame-spray gun is held in the same way 
as a conventional spray gun except that the 
distance between the gun and a deposition sut- 
face is greater, and passes are rapidly made over 
areas which are about a yard square in order to 
avoid melting or oxidizing the deposition 
materials. 

In some circumstances, flame-sprayed coat- 
ings have a texture that is undesirably rough or 
porous. This can usually be eliminated by using 
an oxyacetylene torch to fuse or glaze the 
finished surface. . 

Jo special precautions are necessary to avoid 
the oxidation of flame-sprayed ceramics, because 
the coating materials are metallic oxides from 

(Continued in page 102) 
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A Comparative Survey of 


STOVING 
by 
CONVECTION and RADIATION 


by LEO WALTER, A.M.I.Mech.E., M.Inst.F. 
(Continued from page 34, January, 1956) 


INFRA-RED STOVING USING 
ELECTRICALLY-HEATED 
EMITTERS 


*LECTRICITY as a heating medium for drying 

and baking was introduced many years ago, 
but in the beginning it was not widely applied 
for conveyor ovens for several reasons. The cost 
of equipment and operational outlay in the early 
days of radiant stoving was high, and electric 
dements of early design had a considerable time 
lag between cutting-out of current supply and time 


: of lowering of temperature, thus making thermo- 


static control difficult. Nevertheless various types 
of electrically heated sources of radiation con- 
tinued to be used, and since then considerable 
progress has been made in design and application 
of low- and high-temperature emitters. 

The characteristics of low-temperature sources 
of radiation are generally as follows: A compara- 
tively high proportion of heat transfer occurs by 
convection, i.e., from the presence of currents of 
hot air in an infra-red heated stove. The intensity 
of radiation from low-temperature electric heater 


2% — 


elements is small, thus requiring larger heating 
areas, but, for example, the heating of thermo- 
setting plastics prior to moulding is performed 
with this type of oven. Medium-temperature 
sources have the following characteristics: con- 
vection heat is less, but intensity of radiation is 
higher (6,000 B.Th.U. per sq. ft. per hour) and 
smaller heating areas can be applied. Electrical 
heating elements are made in various types, for 
example as spiral wires on ceramic formers, fitted 
to the inner sheet-metal lining of an oven (G.E.C.). 
Another make uses a heating element made by 
inserting a high-purity magnesium tube containing 
a helical coil of resistance wire into an outer 
sheath of non-scaling non-corrodible alloy. 
Special projectors are available, for example 7 ft. 
long with 6 elements for 15-kW loading (Fig. 1). 

Infra-red heating plants are built in various 
forms with overhead monorail conveyors, with 
horizontal mesh-belt conveyors, or using trucks 
on which the articles pass through the oven. To 
give complete safety electrical heating elements 
can be electrically interlocked with projectors, 
and additional air-flow switches can also be used. 


Support clamps 











to take lin.dia. support bar or tube 
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Fig. 2 (left).—Section of reflection unit of 
a G,E,C, infra-red sheathed heating 
element unit. 


[Courtesy General Electric Co. Ltd., Londen, 
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Sources of heat radiation can be filaments in a 
glass bulb, such as the Osram lamp of 250 watts, 
115 volt standard, and they can be mounted in a 
series of interlocking reflectors in larger units. 
Horizontal and vertical sheathed units are avail- 
able for custom-built plants (G.E.C.-types) (Fig. 
2), and the same applies to lamp units (Fig. 2a). 

The use of lamps in infra-red drying provides 
medium temperatures. The rate of temperature 
rise, seen as the gradient in a time-temperature 
curve, and the maximum temperature which can 
be reached depends on working conditions. The 
designers of plants usually aim to achieve drying 
of average articles in times of between 5 and 10 
minutes. The standard 250-watt infra-red drying 
lamp has a filament which operates at about 
2,200°C., somewhat lower than the usual domestic 
light bulbs. Suitable reflection is obtained by 
using a metallic reflector surface, and the glass 
enclosure prevents heat losses. 


Test Plants and Demonstration Centres. 


Makers of infra-red plants have available 
facilities for prospective users for testing out 
various methods of stoving, and for determining 
suitable coatings. For example, the Metropolitan 
Vickers Electrical Co. Ltd., have just reorganized 
the infra-red heating and drying section in their 
demonstration centre at 132-132, Long Acre, 
London, W.C.2., the emphasis being on plants 
using their tubular sheathed element. The 
equipment (Fig. 2) includes a monorail con- 
veyor with variable speed, a 6-ft. spray booth and 
instrument panels for test purposes. Test runs can 
thus be carried out for infra-red paint stoving, 
moisture extraction, pre-heating and curing. 





Investigation Tests 
Tests carried out should investigate the actual 


effect of radiation. For example, a paint coating 
when exposed to radiant heat rays, has much of 
the heat generated in the paint film. Some part 
of the heat is produced in the metal, and some 
form of heat conduction returns this heat from the 
metal surface to the coating. The main drying 
action will, however, start from the outer surface 
of the paint film directly exposed to the invisible 
heat rays emanating from an emitter. Similar 
considerations apply to stoving or drying of 
enamelling lacquers, japans, synthetic resins, 
varnishes, and the like. What the tests should 
always establish is whether the penetration of heat 
from infra-red radiation is sufficiently rapid and 
deep to be suitable. The heat conduction co- 
efficient of the coating material here plays an 
important part. Finally, paint quality and 
desired finish are factors to be considered before 
deciding on radiant heat. Polymerizing paints 
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particularly lend themselves to radiant stoving. 

An important point for stoving time is the 
capacity of a coating to absorb radiant heat rays. 
The absorbtive power partly depends on the 
colour, and, at shorter wave-lengths, the gradient 
of the temperature curve varies from white to 
black. White paints reflect more heat than black, 
which have a higher absorbing power. The gloss 
of a surface finish also plays its part as far as 
reflection of radiant heat rays is concerned. 

Inenamelling sheet metal (after firing the ground 
coat), tests with heat radiation on the finish 
should aim to reduce drying time, which can be as 
short as 5 minutes, as will be seen later. Fusion 
tests necessitate the use of pyrometers of high 
accuracy, and modern thickness meters are used 
for checking thickness of coatings. 


Comparison of Radiant and Convection Heating 


The advantages of electrical heat sources in 
radiant Ovens over convection stoves are claimed 
by the makers of electrical units as follows: the 
rate of heating can be increased, with more com- 
pact plants and easier handling of the charge. 
Great flexibility with quick starting-up periods and 
good uniformity of heat treatment is also claimed. 
Paint drying is considered as very suitable where 
solid shapes of articles with simple outline are 
treated. Drying times are also said to be advant- 
ageous, for example 4 to 7 minutes for sheet-metal 
articles, 10 to 15 minutes for lamp plants, or 6 to 
1) minutes in a high-intensity oven for heavier 
atticles (G.E.C.). There are, however, in the 
author's. opinion instances where gas-heated 
emitters or convection stoves may be preferable, 
The latter will be discussed in a subsequent article. 
The flexibility of electrical infra-red stoving 








Fig. 2b.— Infra-red test stove installed 
in new Metrovick demonstration 
centre in London. 


[Courtesy Metropolitan- Vickers Electrical 


Co. Ltd., Manchester. 





plants has a decided influence on heat economy 
and on running costs. In his paper delivered at the 
“Fuel and the Future’’ conference held in 
London in 1946, Mr. J. C. Lowson of the British 
Thomson-Houston Research Laboratory ex- 
plains the advantages of being able quickly to 
switch on or off elements in a tunnel stove, made 
even more flexible by a variable-speed conveyor 
as follows: ‘* Consider an infra-red tunnel 20 ft., 
long made up of four consecutive sections con- 
suming 6 kW per section. Supposing the con- 
veyor is moving at a speed of 4 ft., per minute 
through the tunnel, and that the articles are 
placed at 1-ft. pitch on the conveyor. This 
means that the maximum production will be 240 
articles per hour and the baking time in the tunnel 
will be 5 minutes. The consumption will be 
24/240, i.e. 0.1 kW-hr. per article. Now sup- 
posing that the last two sections of the tunnel 
have been switched out, reducing its effective 
length to 10 ft., and the conveyor has been slowed 
down to 2 ft. per minute. The production is now 
120 articles per hour, the baking time is still 5 
minutes and the consumption per article is still 
unchanged. In similar fashion }? or } of full 
production can be handled by switching off one or 
three lamp sections respectively. In every case the 
articles receive exactly the same heat treatment, 
i.e., 5-minutes’ radiation, and the current con- 
sumption per article remains unchanged.” 
Whatever type of heat emitter is used, it should 
be remembered that while infra-red radiation is 
given off by all heated bodies, the distribution of 
heat energy varies and depends on the wavelength. 
Absorption of heat can only take place on those 
parts of a surface which is exposed to the invisible 
heat rays. And the second point to be considered 
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1s the achievable depth of heating; this is specially 
important where heat conduction is low in 
coatings. Paints and lacquers are, in general, 
good heat conductors, and although heat can 
only be generated from infra-red rays on the paint, 
or lacquer, surface, this heat is quickly transferred 
to the deeper layers of the coating. In paint 
stoving by means of radiation the rate of temper- 
ature rise of the painted article depends thus on 
flux (intensity of radiation) and on time of 
absorption allowed (in addition to quality of the 
coating material and mass of the treated article). 
Finally, paint colour has some influence on time 
of stoving, because black surfaces absorb heat 
rays more readily than white ones, as mentioned 
above. 

In a brief survey only a few typical examples can 
be given of actual uses of electric infra-red 
emitters for stoving, but a few typical “ case 
histories’ have been selected at random in the 
following. It will be seen that achievement of 
correct stoving time for articles of different types, 
sizes and shapes depends on diversity of 
“* shadowed portions,” gauge and composition of 
metal, colour and thickness of paint, composition 
of coating, distance from the emitter and other 
factors, such as low or high intensity of radiation, 
and time of exposure (conveyor speed). 


Oven Temperature Control 

Efficient operation of infra-red drying ovens 
using electric units can be secured by installing 
thermostat switches which avoid over-tempera- 
tures and thus excessive current consumption. 
The problem of selecting the right method of 
automatic temperature control is, however, not 
easy, and is more elaborate than for hot-air 
baking ovens. First, the temperature-sensitive 
element has to be suitable for heat radiation, and 
should react in the right way to heat rays which 
leave the air unaffected in temperature, but develop 


In between is a neutral temperature zone wher 
the motor stops. 

Usually electric relays are used for amplification 
of power, derived from an electric controller 
impulse. A large number of well-designed relay 
mechanisms is available, but a detailed deseriptj 
would overstep the space available in this artic. 
However, the catalogues of the various many. 
facturers provide information on this very 
specialized subject. 

The main feature of electrical relays for auto. 
matic control purposes must be reliability, even 
under prolonged use for industrial process and 
sometimes under strenuous working conditions, 
such as dust and dirt, fumes, acidic atmosphere, 
etc. Makers of electric controllers often use their 
own special designs rather than rely on standard 
relays. 

It has been mentioned previously that for any 
given article the stoving time in an infra-red oven 
of a paint film depends on the quality of the coat- 
ing material and on the heat absorption rate, and 
the latter is mainly governed by the surface colour 
of the article. Synthetic-resin paints, some ait- 
drying paints and cellulose varnishes, all lend 
themselves to radiant stoving, and so do certain 
synthetic lacquers. 

A few words may be appropriate regarding 


Fig. 3.—Paint stoving on large car sections. 


Electrical Co. Ltd., Manchester and 
Morris Commercial Cars Lid. 


(Courtesy Metropolitan- Vickers 


heat when they encounter the surface of the | | 


thermostatic element. Second, where a thermo- 
static switch is used for switching lamp units on or 
off, or sections of a tunnel, care must be taken 
that these switching operations do not occur too 
often, because otherwise electric contacts might 
suffer. Application of vacuum mercury-in-glass 
switches instead of metallic contacts may be 
advisable, or special contactors should be used. 
Another measure to avoid “ cycling ” of thermo- 
stats is the use of a “ neutral temperature zone.” 
Assuming a contact thermometer-regulator with 
dial, a gap is left between the high-temperature and 
the low-temperature contact. Within this tem- 
perature range the oven temperature is allowed to 
fluctuate without control interference. If the 
radiant temperature is too low, the contactor 
motor runs in one direction; if too high it reverses. 
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netallic-base materials. Steels and other ferrous 
netals are not affected by high stoving tempera- 
ures, Which depend (among other factors) mainly 
on the coating material. Commonly used 
emperatures for metal coatings are 300 to 400° F., 
put low-bake stoving finishes operate on 200 to 
290° F. Where the base material is a light alloy, 
gch as aluminium and magnesium and some 
tine-base alloys, it is advisable to adhere to 


‘fig 4 (above).—Radiant stoving of 
hand-wheels using Metrovick 

i, conveyor and dip tank. 

Wourtesy Hopkinsons Ltd., Huddersfield. 
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Rig. 5 (right). —Conveyorized infra-red 
plant with 24 Metrovick 
Mojectors for reconditioned ‘bus parts. 
(Courtesy London Transport Executive. 


moderate temperatures. Metal castings may 
“* gas off” entrapped air with consequent blister- 
ing of the drying paint surface if heating penetrates 
too deeply, and care has to be taken to keep 
radiant temperatures moderate. 


Examples of Paint Drying and Stoving 


Considering some typical examples of uses of 
electric infra-red equipment for paint stoving, the 
following “ case histories ” and illustrations have 
been placed at the author’s disposal. 

Morris Commercial Cars Ltd., of Birmingham 
have built for use in their works a paint-stoving 
plant as shown in Fig. 3. It incorporates Metro- 
vick infra-red element projectors, and stoves 
large car sections in 14 to 16 minutes. The some- 
what longer time than usual suits the firm’s 
production rate and facilitates a through-put of 
mixed articles of large and small size in continu- 
ous flow. Ten 4-kW projectors are fitted but a 
control panel enables reduction of radiant energy 
when required. 

The well-known makers of valves and boiler- 
house fittings Hopkinsons Ltd., of Huddersfield, 
use radiant heat in series production, as illustrated 
in Fig. 4. This plant for stoving valve hand- 
wheels includes a Metrovick oven, a conveyor 
and a dip tank. In addition to the cast handwheels 
it applies and stoves synthetic enamel on a 
variety of small castings and forgings. The 
problem was to devise a scheme for painting the 
handwheels without applying paint to the 
machined portions and it appeared at first that 
dipping could not be used for this reason. By 
using infra-red Metrovick equipment, however, 
it was possible to dip and stove the wheels before 








machining them. The finish obtained in this way 
is durable and tenacious and fully capable of 


withstanding the handling received in later 
machining operations. The hand-wheels, which 
form the major portion of the products to be 
stoved vary from 4 to 28 inches in diameter, and in 
weight up to 70 Ib. The plant was designed for a 
minimum output of 10 tons of castings per 44-hour 
week and actually handles considerably more. 

The electrical loading of the oven is 36 kW which 
can be reduced by means of a series of energy 
regulators to suit the product and production rate 
required. Electrical interlocks ensure that a 
stoppage of the conveyor automatically switches 
off the intra-red oven. Heat losses from the oven 
are reduced to a minimum by the use of heat- 
insulating panels of mild steel lagged with glass 
wool. 

The conveyorized infra-red stoving plant 
shown in Fig. 5 is designed to stove one complete 
set of reconditioned items for *bus-body overhaul 
per hour, allowing for parts requiring more than 
one coat of paint. The oven has a total loading of 
74 kW provided by 24, 3-ft. standard Metrovick 
projectors, and measures 10 ft. 6 in. long by 
6 ft. 6 in. wide by 8 ft. high. An air re-circulation 
system is fitted, providing exhaust to atmosphere, 
and assisting in producing an even surface 
temperature on the varied products being stoved. 
Energy regulator control is provided to give an 
infinite variation of heat output from the second 
half of the oven. 

In another infra-red stoving plant constructed 
by A.E.C. Ltd., the infra-red oven illustrated in 
Fig. 6 incorporates nine standard Metrovick 3-ft. 
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Fig. 6.—9 Metrovick 4-k W infra-red 
projectors in oven for drying chlorin. 
ated rubber grey and grey synthetic 
paint on engine castings. 

[Courtesy A.E.C. Lid, 


4-kW projectors mounted on a simple framework. 
The oven is used for drying chlorinated rubber grey 
air-drying and grey synthetic paint on horizontal 
and vertical engine castings. The engines weigh 
approximately 1,800 Ib. 

In a very modern larger stoving plant four 
Metrovick infra-red ovens have been installed in 
the Luton factory of Vauxhall Motors Ltd. They 
are arranged in two pairs and are used for drying 
moisture off the car after cleaning and for cellulose 
paint drying following any spotting or touching 
up that is necessary before the car leaves the 
factory. After assémbly is completed, the car is 
driven on to a floor-level chain conveyor to be 
drawn through a washing booth where the jets of 
water thoroughly test for screen and backlight 
leaks. When the test is over the car is lathered 
down by hand. This leaves a thin film of moisture 
to be dried off; drying is affected in four minutes. 
The infra-red radiation is controlled at a level 
which ensures that no part of the car exceeds a 
temperature of 180° F. during its passage through 
the oven. 

On emerging from the first oven the car travels 
50 ft. by which time it is completely dry, before 
entering the spray booth where spotting a 
touching-up are carried out with cellulose paint. 
When the car leaves the spray booth, a travel of 
20 ft. gives a flash-off period of about five minutes 
before the vehicle enters the cellulose drying oven. 
Passage through this oven takes 3 min. 20 sec. 

The first infra-red plant consists of two ovens 
side by side. It is 17 ft. long, 24 ft. wide and 






















10 ft. high with a total electrical loading of 
300 kW. Each oven incorporates a total of 50 
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Fig. 7 (right). — Finishing coated 
metal discs in G.E.C. radiant plant. 


‘urtesy General Electric Co. Ltd., London 
Lays Metal Gravure Co. Ltd. 


Fig. Ta (below).—removing trays of 
stoved discs from a G.E.C. radiant 
unit. 


(Courtesy General Electric Co. Ltd., London 
and the Metal Gravure Co. Ltd. 































































































infra-red element projectors mounted in ten rows 
of five projectors per row. A separate air re- 
tieulating system, consisting of a centrifugal fan 
driven by a 2}-h.p. motor and displacing 4,000 





cubic feet per minute, drives air into each oven 
through ducts mounted at floor level in the sides 
of the oven. Hot air is exhausted from the oven 
roof through three hoods extending the full 
length of the oven and linked by ducts to the 
suction side of the fan. The apertures in the lower 
ducts are louvred to direct the air stream on to 
the sides of the car, and to reduce the danger of 
floor dust pick-up. Dampers in each main duct 
allow a balance to be obtained between the re- 
circulated and the fresh air. 

The heat output of the oven is controlled by 
Sunvic energy regulators. Each regulator is, in 
effect, an electric tap which has the additional 
advantage of providing automatic compensation 
for voltage fluctuations up to 15 per cent. The 
second plant is generally similar, except that it is 
three feet shorter and has a total loading of 
240 kW provided by 40 Metrovick infra-red 
projectors in each oven in ten rows of four 
projectois. 

The basic requirement of designs of radiant 
stoving plants is to avoid stray radiation leaving 
the plant, representing considerable heat losses. 
This has been well met in the following examples, 
where an unbroken reflecting surface is main- 
tained around the heating zone as near as possible 
to the goods. 

The finishing of metal discs for instrument 
dials at the works of The Metal Gravure Company 
Ltd., has been speeded by the installation of a 
small compact, infra-red paint-stoving plant, 
made by the General Electric Co. Ltd., London. 
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The painted discs, in a variety of shapes and 
sizes, are carried on trays from the paint spraying 
shop by a chain conveyor which passes through 
an Opening in one of the walls to the heating plant 
installed on the other side. Here the paint is 
stoved by the radiation from a horizontal bank of 
Osram infra-red reflector lamps mounted in 
reflectors made of a special aluminium alloy 
(Fig. 7). 

Sixty G.E.C.—Osram lamps, arranged in 
twelve rows, are employed in the plant, which is 
only 6 ft. long and 2 ft. 6 in. wide. Variations in 
heat intensity are obtained by the independent 
switching of groups of two rows of lamps. As a 
safety precaution an interlock prevents the 
switching-on of the plant before the fume- 
extraction gear in the spraying shop is put into 
operation (Fig. 7a). In the lamp units used the 
bank of lamps is hinged to the main framework 
to allow easy access for cleaning and maintenance. 
The heating chamber is enclosed as much as 
possible with reflecting surfaces to prevent loss 
of heat due to stray radiation and to minimize the 
cooling effect of air currents. 

As another example for paint finishing in the 
motor-car industry the following case history 
should be of interest. The layout of the plant 
at the Solihull Works of the Rover Company Ltd., 
for the surface pre-treatment and paint finishing 
of “Land Rover” components facilitates speed of 
production. A special feature of the complete 
installation is the use of infra-red lamp plants of 
General Electric design and manufacture. Being 
of comparatively light-weight construction the 
equipment is mounted on platforms erected well 
above ground level to leave the floor space below 








available for transporting the finished parts to the 
assembly shop. The G.E.C, infra-red plants ape 
used for the rapid drying and stoving of the parts 
to make possible the use of continuous production 
methods. (Figs. 8 and 8a). 

A constant-speed overhead conveyor is used to 
carry the pressed aluminium sections of the 































































































































































stoving plant for car components. 


[Courtesy The Rover Company Ltd., Solihull, 
Birmingham. 


| Fig. 8 (above). — G.E.C. radiant 








carried by conveyor into 
radiant oven, 
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Fig. 8a (left).—Car components being 
G.E.C. 


[Courtesy General Electric Co. Ltd., London 
and The Rover Company Lid. 
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“land Rover” through all the stages of the 
finishing process. After being placed on the 
conveyor the parts are carried through a number 
of spray booths where the washes used for surface 
ation are applied automatically. They are 
first with an alkaline degreasing solution 
followed by a hot-water rinse, then with Bonderite 
110 which is also followed by a hot-water wash, 
and finally with a cromate solution. Each section 
is subjected to air jet “blow-off” before being 
conveyed from the spray booths to be dried in the 
first of the infra-red lamp plants. This unit is 
20 ft. long and has a loading of 200 kW. With a 
constant conveyor speed of 6 ft. per minute, the 
parts remain in the drying plant for 3.3 minutes 
after which they are conveyed down to the paint- 
spray booth erected on floor level. Paint spraying 
is followed by a flash-off period of 7 minutes 
pefore the components finally arrive at the 32-ft. 
long, 320-kW infra-red stoving plant. They 
emerge after a stoving time of 5.3 minutes with 
their newly acquired hard-gloss finish and are 
ready for handling, when they reach the un- 
lading bay. The infra-red plants which together 
contain a total of 2,080 Osram Infra-red Reflector 
aps were specially designed to fit into this 
continuous production line where the speed of 
the conveyor is arranged to give the required 
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_ plants are of similar construction and 
tach consists of two opposing banks of ten rows 
oflamps. These lamps are mounted in secondary 
tectors of a special aluminium alloy, to prevent 
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Fig.9.—G.E.C. sheathed-wire-element 
plant for paint stoving on various 
articles placed on a wire-mesh belt 
conveyor. 


(Courtesy General Electric Co. Ltd., London. 





loss of heat due to stray radiation and to keep out 
cooling draughts. The contour of the reflecting 
systems was carefully planned to ensure the 
utmost uniformity of results throughout the 
variety of components being treated. The sections 
have an outer casing of sheet steel to provide a 
smooth clean finish and to protect the lamps, 
wiring etc., from dirt and damage. 

To prevent a temporary shut-down from 
affecting the finish of components left in the 
stoving plant, elaborate switching and control 
gear has been provided. A series of time-delay 
switches, each separately adjustable is incor- 
porated, one being fitted to each of eight sections 
of the infra-red stoving unit, and others to the 
drying plant and to the conveyor. 

When the production line is started up after a 
temporary stoppage the stoving plant is switched 
on section by section, beginning at the centre and 
moving progressively towards the end. The 
switching sequence being interrupted by the 
present time delays. Only after the infra-red plant 
has been put into full operation is the conveyor 
started. In this way parts inside the stoving unit 
are given additional heating to compensate for 
the cooling which has taken place. 


Paint Stoving using Sheathed-wire Elements 

As mentioned before an alternative to a lamp 
plant is equipment using sheathed-wire elements 
mounted in special reflectors (G.E.C.). Due to 


the lower temperature source a proportion of the 
heat transfer is by convection and the plant is, 
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therefore, enclosed as much as possible to con- 


serve the convected heat. Both horizontal and 
vertical plants can be produced in a wide range of 
sizes and contours to meet particular require- 
ments. A standard unit 3 ft. in length and 
containing two folded elements each rated at 
1.5 kW is available for small test plant. Exposed 
element plant is generally used where the heat 
capacity of the articles being processed is high 
and for shapes which are too intricate to allow 
uniform irradiation. It also has advantages for 
stoving paints of lighter colour which may reflect 
a large part of the radiation from lamps and for 
giving very high production rates on parts which 
are not spoiled by the high intensity of radiation. 
The elements consist of spiral wire heaters on 
ceramic formers and they are fitted to the inner 
sheet-metal lining of the ovens. (Fig. 9). 

Typical of the applications for which exposed- 
element plant is recommended is the stoving of 
paint on the cylinder block of a 10-h.p. four- 
cylinder car engine. The stoving time is 10 
minutes compared with 25 to 30 minutes in lamp 
plant and several hours by normal convection 
heating. Another aspect of paint stoving: for 
which infra-red heating is highly suitable is the 
repair of faulty paintwork at the end of the 
production line or the patching of damaged 
bodywork in garages or workshops. Paint- 
repair units were specially designed for this work, 
and there are available two G.E.C. models, viz. 
500 watt and | kW. 

The two heating heads are interchangeable on a 
robust stand with its heavy counterweights and 
large castors, and its widely adjustable extension 





Fig. 10.—Metrovick infra-red stoving 
unit for window frames. 


[Courtesy Widney Manufacturing Co, Lid 


arm. An air supply, such as feeds the spray gun, 
is connected to the heating head, and any petrol 
fumes are thus kept away from the lamps and 
their connexions, so removing any fire risk. 
Among other installations, the following use 
infra-red methods. A bank of lamp reflector 
units can be made movable and be brought ina 
repair work-shop to car bodywork which just had 
part of the surface re-sprayed. Drying is thus 
performed quickly and easily on the spot in 
garages and workshops. The number of tunnel 
or conveyor stoves for heat treatment of finishes 
of domestic household articles is already con- 
siderable. Overhead conveyors are often used, 
allowing adjustment of stoving time according 
to type and size of articles conveyed in addition 
to variation of flux density from reflector units. 
In another G.E.C. plant large-diameter oil drums 
are stoved at the rate of 200 per hour in a 36-ft. 
long tunnel with a maximum loading of 288 kW. 
The interesting feature of this plant is that its 
sections are mounted on castors and can be easily 


_removed from the working position to allow 


cleaning of reflecting surfaces of the emitters. 
An overhead conveyor provides the loading 
movement during stoving, and continuous un- 
loading. A similar movable plant is in use for 
baking large metal sheets in the vertical position, 
moved by an overhead conveyor. From toys to 
domestic water-heater sheets, from light-metal 
castings to motor stators, there are numerous 
uses for infra-red stoving in all branches of the 
metal industry (Fig. 10). With a diversity of 
stoving, which can range from engine components 
(Continued in page 102) 
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Anodizing 

N this country, aluminium is slowly but surely 
gaining favour as a constructional material 
with both architects and the building industry in 
general. In America, however, with the intro- 
duction of curtain wall construction—hailed by 
some as the “‘ most important time saver to be 
developed in 50 years of construction business(!) ” 
—anodized aluminium panels are finding a rapidly 
increasing usage for the metal exteriors of sky- 
scrapers, Office buildings and new factories. The 
large aluminium (or stainless steel) panels, one or 
two storeys high, are fitted to the structure of the 
building with window openings prefabricated 
into the panels and the new 15 storey Marion 
Davies Building in New York was recently 
enclosed with aluminium in the amazingly short 
time of 10 hours. A job which would have taken 
$10 weeks using masonry construction. A special 
Alumilite anodizing sequence affords corrosion 
protection for the aluminium surface and inter- 
esting architectural effects can be produced by 
dyeing the anodic film(?). A plant specializing 
inthis type of production is anodizing some 6,700 
sq. ft. per day and can handle panels 30 ft. long 
by 4 ft. wide. 

There is also a number of American companies 
producing dyed anodized aluminium continuously 
ina range of alloys as sheet or strip(3). Coloured 
tubing and extruded shapes are also available in 
stock lengths. The blue, green, yellow, gold, grey 
and black colours are claimed to have generally 
good durability; resistance to weathering and 
light being a function of the dye and thickness of 
the anodic coating. These anodized films are 
ductile enough to permit some forming without 
rupture of the coating and satisfactory draw 
depths using conventional tools measuring half 
the diameter of the cup have been reported. A 
good brief survey of commercial anodic surface 
treatments for aluminium and its alloys, with 
special reference to the Alumilite coatings, has 
recently been published by R. V. Vanden Berg of 
the Aluminum Company of America(§). 


; Plating 
In discussing some of the plating difficulties 
associated with the surface condition of zinc base 
die-castings, W. G. Stephenson, Jnr.(5) has 


described the benefits obtained by heating at 
410° F. for 1 hour, followed by air-cooling before 
buffing. The part concerned weighed about a 
pound, was composed of both heavy and thin 
sections with some deeply recessed areas, and the 
fault was a ‘cold shot’ which appeared on 
95 per cent of the components. Although in this 
instance the heat treatment effected a marked 
improvement, a cautious approach to its use is 
advocated and a plea is made for a much fuller 
investigation. Obvious disadvantages are that 
some thin walled castings may warp during heat- 
treatment, the overall strength of the article may 
be reduced and as the heat-treatment softens the 
surface, handling before and after buffing must 
not be rough as the softer surface ‘ dings ’ more 
easily. Still on the subject of zinc base die- 
castings, T. P. McFarlane(®) has published some 
interesting details of the American Hardware 
Corporation’s experiences with ‘ Crack-free 
Chromium’ deposited directly on to zinc base 
die-castings. The coating is somewhat softer than 
the normal bright type of chromium plating, has a 
matt-grey finish and in consequence buffing is 
necessary. First introduced several years ago, 
further information has been released on ‘ Flame 
Plating ’(7). This is a surfacing method in which 
tungsten carbide particles are blasted on to the 
surface of a work-piece (steel, cast-iron, 
aluminium, copper, brass, bronze, nickel, mag- 
nesium, titanium, etc.) to produce coatings 
0.002 to 0.010 in. thick. A special gun is employed 
consisting of a barrel and a device for loading 
exact quantities of tungsten carbide, acetylene and 
oxygen into the firing chamber. Typical applica- 
tions include aircraft engine parts (for reducing 
fretting corrosion), knives for cutting some non- 
metallic materials, forming tools and dies, and 
plug and ring gauges. 


Chemical Treatments 
Where a pleasing black appearance coupled 
with very small dimensional change is required, 
and corrosion protection is not of primary 
importance, oxidizing treatments for iron and 
steel are commonly employed. Hitherto, in order 
to meet the requirements of U.S. Army Spec. 
MIL-F-13924 these had to withstand 30 minutes 
(Continued in page 102) 
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Overseas Review 
(Continued from page 101) 


in the salt spray (fog) cabinet without evidence of 
corrosion products. A new, simple, inexpensive 
and more accurate test, somewhat after the style 
of the so-called ‘ Russian Test’ for phosphate 
coatings has, however, now been developed by 
Rock Island Arsenal(’). The colour change of the 
spot covered by 3 drops (0.2 ml.) of 5 per cent 
oxalic acid solution indicates the quality of the 
black oxide coating. The gradings are: Poor— 
change of colour of coating under drop from black 
to light grey in 30-90 seconds; Good/Poor— 
change from black to charcoal grey in 1-3 minutes; 
Good—drops applied to good coatings change 
from clear to black or brownish-black in 3-8 
minutes. Positive results were obtained with the 
technique on 12 out of the 13 steels tested. 

Yet another coating for magnesium has ap- 
peared. This is the Cr-22 developed at Frankford 
Arsenal which is claimed to combine short treat- 
ment times and low electrolytic costs with excellent 
protective properties(%). About 12 minutes 





processing under alternating current conditions 
in a bath containing chromic acid, hydrofluoric 
acid, phosphoric acid and ammonia produces d 
smooth, fine-grained green coating resem 

unglazed ceramic ware in texture which can be 
used as a base for organic finishes or as a final 
finish with or without an optional inorganic seal. 


In Short Supply 

Reviewing the current economic position of 
cadmium, copper, zinc and silver—all of interest tp 
platers—Simon D. Strauss(!°) of the American 
Smelting and Refining Co. considers that silver 
is the one where there is the most possibility ofa 
shortage developing that may last for some time, 
You have been warned! 
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Flame-sprayed Refractory Coatings on Metals 
(Continued from page 90) 


the start. However, special inert-gas spray 
equipment may be essential to the successful 
application of certain types of cermets. 

In industries that use ceramic coatings to 
finish products which require maximum chemical 
resistance at room or slightly-elevated tem- 
peratures, virtually all refractory compositions 
(including glass) can be satisfactorily flame 
sprayed. In the aircraft industry, where refrac- 
tories serve the primary purpose of increasing 
the heat and oxidation resistance of metals, 
there are a number of limitations on the flame- 
spray process at present, because coating and 
deposition materials which lack similar thermal 
expansion coefficients will not adhere to each 
other at high temperatures. However, it is 
believed that most, if not all of these limitations 
can be eliminated by further research. 

The A-418 composition is primarily suitable 
for the high-temperature protection of “super- 
alloy” steels, titanium, Inconel, and stainless 
steels. Following an application, it can be 
machined where close dimensional tolerances 
are specified; and, if finished parts must be 
welded, it will serve the purpose of a flux in 
preventing oxidation when welding takes place. 

Service data that have been obtained by Ryan 
indicate that A-418 coatings increase the life- 
span of aircraft engine components by margins 
of 50 to 100 per cent. 









Most of the other refractories that are now 
being used to finish aircraft parts are materials 
that have been specially developed by the National 


Bureau of Standards. They are considered 
superior to the A-418 composition only where 
thermal expansion characteristics make use of 
the latter material impracticable. 





A Comparative Survey of Stoving by Convection 
and Radiation 


(Continued from page 100) 


to bottle caps it will be essential for potential 
users to consult paint manufacturers and makers 
of stoving equipment before coming to a decision 
what type of plant to use, and which quality of 
paint or other coating material. The field for 
radiant-stoving equipment is steadily widening, 
and the more practical experience becomes 
available the better for future developments. 
(To be Continued) 


BIBLIOGRAPHY 


Barber, 1. J. “Infra-red offers Economies in gpess Process 
Heating,” Iron Age, (New York), 1953. Oct. 

Walter, _. “Factors influencing the Efficiency u Electric Infra-red 

and Baking,” Organic Finishing, 1954. Nov. 

“Paint Finishing Equipment,” Mechanical World, 


Lowson, Cc The Blectric Intye-cod Process.” Paper read in Section 
C “Heat for Dryi “Fuel and the Future Conference,” 
London 1946, Publ: *. ‘ 1948, H.M. Stationery Office. 
Fay apes for Mass Production,” Mechanical World, 


“G.E.C, eet Meets, we. Electricity.” 
The Ge tric Co. Ltd. and, London 

i Meter: Infra Red” A Publication of Metropolitan Vickers 
Electrical Co. Ltd., Manchester, 








—eesege2e2ec76 5 = 


se 
- 


> = 


_ — oe, ae ae SO Ge = OP 


march-april, 1956 


metal finishing journal 





7 


PROPERTIES, TESTS and PERFORMANCE 
of Electrodeposited Metallic Coatings 


A Brief Report of a Recent American Symposium 


mittees held approximately 350 committee 
and sub-committee meetings at the Society’s 
annual Committee Week at the Statler Hotel, 
Buflalo, N.Y., February 27 to March 2. About 
1300 technical men worked intensively during the 
five days of meetings discussing and correlating 
the great amount of research upon which ASTM 
specifications and methods of test are based, 
and in putting into final shape new and revised 
tentatives and standards which the several 
committees will recommend to the Society for 
adoption at its Annual Meeting at Atlantic City in 
June. Committee actions in most cases will be 
submitted to letter ballot of the committees prior 
to being submitted to the Society for action at the 
Annual Meeting. 

The important highlight of the week’s technical 
activities was an all-day symposium held on 
February 29 on “ Properties, Tests and Perform- 
ance of Electrodeposited Metallic Coatings,” 
sponsored by the ASTM Committee B-8 on 
Electrodeposited Metallic Coatings and developed 
by Subcommittee II on Performance Tests under 
the Chairmanship of Walter Pinner of Houdaille- 
Hershey Corp. The symposium was well attended 
by over 300, including many of those at the 
meeting, plus other local platers in the area who 
attended that function only. 

Much of the work reported in the Symposium 
developed from atmospheric corrosion tests 
exposed under the direction of Subcommittee II. 
This subcommittee is currently planning to expose 
Programme No. 4 which is the fourth series of 
tests on copper-nickel-chromium coatings on 
steel designed to evaluate the effect of various 
controllable factors such as buffing, the use of a 
copper flash, double layers of nickel, etc. 

In the field of standards a recommended prac- 
te for preparation of and plating on lead and 
lead alloys has been developed and is currently 
being submitted to letter ballot of the committee. 

The proceedings were opened with an intro- 
ductory address by the Symposium Chairman, 
Mr. W. L. Pinner (Houdaille-Hershey Corp.) 
and the eight papers which were presented in the 
gg and afternoon sessions are summarized 

re. 


The History of ASTM Committee B-8 by William 
Blum, (formerly National Bureau of 
Standards): 

About 1927, Committee A-5 conducted exposure 


Douce held ap of ASTM’s technical com- 


tests on steel hardware coated by various methods, 
including zinc and cadmium plating. The results 
published a few years later indicated that cad- 
mium coatings were inferior to zinc, and that 
electroplated zinc was inferior to hot-dipped zinc. 
Members.of the American Electroplaters Society, 
questioned the validity of these conclusions. 

In 1931 extensive exposure tests of electroplated 
coatings were started under the direction of a 
Joint Committee of ASTM and AES. Specimens 
were plated at the National Bureau of Standards, 
with the services of a Research Associate 
employed by the AES Research Committee. 
These exposures were started in 1932 and extended 
to 1937. The results were published and served 
as a partial basis for Joint Tentative Specifications 
for Electroplated Coatings that were published 
and distributed through the ASTM. 

The above arrangements proved effective, but 
cumbersome, as formal actions required the 
official approval of ASTM Committees A-5, 
B-3, and B-6, and the AES Research Committee 
and the Executive Board. 

To simplify and expedite the programme, 
ASTM Committee B-8 on _ Electrodeposited 
Metallic Coatings was organized in 1941 to 
conduct investigations and prepare specifications. 
Since then, Committee B-8 has been very active. 
It has now over 100 members and five major sub- 
committees, each with numerous sections. It has 
continued to work closely through liaison mem- 
bers with the AES Research Committee. Most of 
the resultant specifications are designated as 
Joint Specifications of the ASTM 2iaa AES. 


* * * 


Comparison of the Corrosion Behaviour and 
Protective Value of Electrodeposited Zinc and 
Cadmium Coatings on Steel by C. H. Sample 
and R. B. Tell (International Nickel Co.) and 
A. Mendizza (Bell Telephone Laboratories). 


The authors presented the results of an extens- 
ive investigation of the relative corrosion behaviour 
and protective value of electrodeposited zinc and 
cadmium coatings on steel. The coating thick- 
nesses tested were 0.00005, 0.0001, 0.0002, 0.0005, 
0.001 and 0.002-in. Replicate coatings applied to 
4 x 6-in. steel panels were exposed in duplicate 
to the atmosphere at the following test sites: 
New York City, Kure Beach, N.C., Perrine, Fla., 
and Steubenville, Ohio. 

In addition, accelerated corrosion tests on 
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replicate panels were conducted in a cycled high 
humidity cabinet in which condensation of moist- 
ure was caused to occur on the panels twice daily, 
and standard salt spray cabinets employing 20 per 
cent NaCl, 3 per cent NaCl, and fresh sea water. 

The authors concluded that: (1) the length of 
time a given coating thickness of zinc or cadmium 
will provide corrosion protection to steel is 
dependent upon the environment to which the 
coatings are exposed, (2) both zinc and cadmium 
coatings fail more rapidly in industrial atmo- 
spheres than they do in marine or rural locations, 
(3) in some industrial locations zinc coatings last 
significantly longer than do cadmium coatings of 
the same thickness. There does not appear to be 
any significant difference between zinc and cad- 
mium in industrial environments particularly 
corrosive to zinc, (4) in marine and rural locations 
cadmium coatings provide corrosion protection 
for a longer time than zinc coatings of the same 
thickness, (5) cadmium coatings have consider- 
ably longer protective life than zinc coatings in a 
salt-spray (fog) test employing NaCl solutions as 
corrodant. Zinc coatings are better than cadmium 
coatings if fresh sea water is used in the test. For 
exposure periods in excess of 15 hours the effect 
on cadmium coatings is masked by calcareous 
type deposits, (6) this investigation has shown that 
there is little correlation between data obtained 
in salt or sea water spray tests and that obtained 
from exposure to actual atmospheres, (7) in warm 
humid atmospheres where condensation of moist- 
ure occurs on metal surfaces zinc coatings fail 
sooner than cadmium coatings of the same 
thickness. In such an environment where the 
conductivity of the electrolyte is low, both types 
of coatings may exhibit pinhole rusting type of 
failure, (8) the relative protective value of zinc 
versus cadmium coatings varies with the conditions 
of exposure and cannot be predicted by any single 
accelerated corrosion test, (9) the rate of corrosion 
of zinc in coastal areas drops off rapidly with the 
distance from the ocean. 


* * * 


Corrosion Behaviour and Protective Value of 
Decorative Copper-Nickel-Chromium and 
Nickel-Chromium Coatings on Steel by C. H. 
Sample (International Nickel Co.). 


The author summarized the results of the three 
atmospheric exposure test programmes of decora- 
ive chromium coatings conducted by ASTM 
Committee B-8 and offered an explanation for 
certain anomalies in the results. The results of the 
B-8 tests are compared with the results of similar 
tests by others. A summary of current knowledge 
as to the relative durability of various types of 
decorative chromium coating systems was given. 
The importance of rating procedures in respect to 





reporting and interpreting inspection results wy 
emphasized. 
« * * 


Evaluation of Supplementary Conversion C. 
on Zinc and Cadmium by R. E. Harr (Wester 
Electric Co.). 


The increasing use of supplementary treatments 
on electroplated zinc and cadmium, and the lack 
of a satisfactory, rapid inspection test for the 
overall quality of these treatments, have prompted 
ASTM Committee B-8 to initiate several 
co-operative testing programmes. It is expected 
that the results of the desired test will provide a 
better indication of service life than does the salt. 
spray test. 

This paper was a progress report presenting the 
results which have so far been obtained toward the 
development of a test for chromate coatings. It 
also described progress made toward conducting 
outdoor exposure investigations of chromate 
coatings on cadmium; and the investigation of 
factors which affect the adhesion of organic 
coatings on phosphated zinc, such as the weight of 
coating per unit area and its density. 

‘oe x + 


Atmospheric Exposure of Electroplated Lead 
Coatings on Steel by A. H. DuRose (Harshaw 
Chemical Co.). 


The various atmospheres result in a wide varia- 
tion in the corrosion of lead and in the protective- 
ness of the lead coating. The protectiveness of the 
lead coating is directly related to the corrosion 
rate for lead in the various atmospheres. 

The corrosivity of an atmosphere to bare steel 
bears no direct relationship to the corrosion 
protection of lead to steel. 

Damage to the steel base is an inverse function 
of coating thickness at all locations. 

Except for the thinnest lead coating (0.08 mil), a 
copper undercoat has a retarding effect on the rate 
of steel corrosion until the lead has weathered toa 
low thickness. As time passes and the remaining 
lead thickness becomes lower, a point is reached 
where copper undercoat accelerates the corrosion. 

The upper lead surface of exposed panels 
corrodes at a more rapid rate than the lower 
surface but the relative rates of corrosion between 
upper and lower surfaces depend on the location. 

* * * 


Evaluation of Methods Available for Measurement 
of Surface Lustre in Plated Coatings by 
Glade Bowman (Rockwell Spring and Axle 
Co.). 

The author reported briefly the importance of 
measuring image reflect’ »n and the work done in 
preparing the surface of a number of panels by 
(Continued in page 112) 
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A SELECTION OF 
READERS’ VIEWS COM- 
MENTS AND QUERIES ON 
METAL FINISHING 
SUBJECTS .....-. 








Advice on ail aspects 3 


information supp no resp 





: Research Facilities 
Dear Sir, 

From time to time requests have appeared in 
the correspondence columns of many technical 
journals, including your own, seeking informa- 
tion on specific technical problems or asking 
for details of establishments with particular 
testing facilities, and occasionally requesting the 
names of laboratories capable of undertaking 
the investigation of ad hoc problems, research, 
or development work. There is no doubt that 
such enquirers feceive very valuable assistance 
in direct comment on their problems and in re- 
ferring them to the appropriate institutions that 
they seek. Frequently also the publication of an 
enquiry to which no immediate answer is forth- 
coming leads to assistance being offered by other 
readers of the Journal. 

Iam happy to be able to report to you and 

the readers of your Journal, that a liaison section 
has now been established at Fulmer Research 
Institute, whose purpose is to inform industry 
about the facilities available at Fulmer and to 
establish closer contact between the Research 
Institute and industry. I would be very glad to 
hear from any of your readers who think that 
the facilities available at Fulmer may be of 
assistance to them in their technical problems. 
_ As is well known, the Institute acts in practice 
as the private laboratory of each of its individual 
sponsors, and every enquiry is dealt with com- 
pletely confidentially. 

At present there are physical metallurgy, 
foundry, physical chemistry, physics, corrosion, 
mechanical testing and engineering, and analy- 
tical laboratories at the Institute, and it is our 
aim, of course, to provide just those technical 
services which industry needs, but which for 
economic reasons, individual manufacturers are 
unable to maintain privately. 

I am sure you will agree Sir, that the 
establishment of this section constitutes an im- 
portant addition to the facilities available for 

@ faced with technical problems and that it 
merits some reference in your Journal. 
Yours faithfully, 
MorGan H. Davies, 
Development Officer. 
Fulmer Research Institute, Ltd. 
Stoke Poges, Bucks. 








of metal finishing practice is offered on these pages, and while every care is taken to ensure the accuracy of 
d no ibility can be accepted for any loss which may arise in respect of any errors or omissions. 


Spots on Galvanized Ware 


1222. We are enclosing herewith a portion cut 
from a piece of ware galvanized in our works, 
on which you will note the incidence of a number 
of rough, dark coloured spots or patches. This 
is the first time that we have encountered this 
trouble after operating the bath quite satis- 
factorily for nearly two years. The fault first 
appeared about two weeks ago, and since then 
it has become more frequent, causing an in- 
creasing number of rejects. 

The process we operate comprises pickling of 
all work in hot sulphuric acid, followed by 
rinsing and prefluxing in zinc ammonium 
chloride. The galvanizing bath contains alu- 
minium as we understand that this helps to give 
a brithter finish to the coating. 

It has been suggested that the defect is due to 
the pick-up of zinc-iron dross on the surface of the 
ware but we cannot believe that this is so as we 
rinse all work very carefully to keep dross forma- 
tion to a minimum, and clear dross regularly each 
week. ; 

Can you please make any suggestions as to 
the cause of the patchiness of the coating on the 
enclosed sample and methods of eliminating it? 

Cases of spotting or patchiness of galvanized 
coatings are often traceable to the entrapment 
of flux which remains on the surface of the 
galvanized article and subsequently attacks it. A 
similar conditions can rise from the entrapment 
of traces of sulphuric acid or sulphates from the 
pickling solution. For this reason, among others, 
hydrochloric acid is often preferred as a pickling 
medium as it gives easier rinsing. 

However, the defect evident on the sample 
enclosed with your enquiry would not appear 
to arise from either of these causes, but may well 
be due to a build-up of aluminium in your 
galvanizing bath. Very little aluminium is 
required, and about 0.01 per cent is generally 
sufficient. If the aluminium content is permitted 
to increase unduly, there is a tendency for oxide 
films to build up on the surface and prevent the 
proper adhesion of the zinc. We would suggest 
that you should make a careful check on the 
aluminium content of your galvanizing bath and 
make the necessary adjustments if this is found 
to be excessive. 
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NEW PHOSPHATE-COATING SYSTEM 


Demonstration of Accelerated 


HE application of a phosphate coating to steel 

surfaces prior to painting, to improve paint 
adhesion and inhibit the spread of corrosion 
under the paint film, is now accepted practice in 
many industries, notably in the manufacture of 
motor cars, bicycles and kitchen equipment. 

The recent marked increases in the rate of 
production of these goods has made necessary the 
development of phosphate-coating processes which 
are capable of being worked at ever higher 
speeds. The trend, particularly in the motor 
industry, has been toward the use of spraying 
techniques in place of the older immersion 
methods. 

Phosphate solutions capable of producing an 
effective coating by spraying have hitherto been 
based almost entirely on zinc phosphate suitably 
accelerated. Spray treatment in these solutions is 
followed by a chromate sealing rinse which 
enhances the corrosion-resistant properties of the 
coating. 

Other phosphates, notably those of iron and 
manganese, are also used as the basis of phos- 
phating systems, but it has hitherto proved difficult 
to accelerate processes incorporating these metals 
to the same extent that has been achieved with the 
zinc-phosphate solutions, consequently the use, 
particularly of manganese-phosphate solutions 
has not until now been possible at the high speeds 
obtaining on a modern production line, although 
certain claims have been put forward for the 
superiority of coatings based on manganese 
phosphate. 

It can therefore be regarded as being particu- 
larly worthy of note that the Jenolizing Co. Ltd., 
have announced that they are now in a position to 
offer an accelerated manganese-phosphate solu- 
tion which can be applied by spray and can be 
used with the type of standard spray equipment 
already installed in many factories. That com- 
pany, since its formation in 1952, has developed 
a range of phosphating processes and has always 
had the declared aim of devising and developing 
improved processes using manganese phosphate. 
The latest result of this research, the JAM 
accelerated manganese-phosphate process was 
demonstrated recently by the company. It is 
claimed for this process that the fact that mangan- 
ese phosphate is not affected by alkaline conditions 
makes it considerably more resistant than zinc 
phosphate to corrosion arising from humid 
conditions. Furthermore, the process is said to 
produce a coating whose crystal structure is 
finer and more uniform than that produced by 


Manganese-Phosphate Process 


accelerated zinc phosphates. Another facto 
which until now has operated in favour of the 
adoption of zinc phosphates has been that they 
have been available at a lower cost than manganeg 
phosphates. This differential does not obtain ip 
the case of the new process, which will be marketed 
at approximately the same price as a Zinc phos. 
phate solution. Moreover, the JAM process 
claims to be more economical in operation as jt 
does not deteriorate during shut-down periods 
and throws less sludge than does zinc phosphate, 

The two principal advantages claimed hitherto 
in respect of zinc-phosphate processes have been 
that the operating temperature of the solution, 
which is reasonably critical, in producing efficient 
coatings, is lower for zinc than it is for manganese 
and in spray application the manganese solution, 
operating at a higher temperature, is subject to high 
heat losses. Second, the accelerators which can be 
employed with zinc-phosphate solutions have 
made possible very much higher speeds of opera- 

(Continued in page 112) 


Fig. 1.—Prototype spray-processing plant using accelerated 
manganese-phosphate solution, 
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The Development of 


OPACITY 


in White 


Poreelain Enamels 


by Professor A. I. ANDREWS 


A Paper presented to the 2nd International Enamelling Congress, Leamington Spa, 1955 


HE term opacity when used as a property of 
Boecelain enamels has a special meaning. It 
indicates a pleasing white appearance and covering 

. Since this meaning involves personal 
judgment and lacks exact evaluation, terms have 
been developed to supplement it. The American 
Society for Testing Materials(!) under the 
jurisdiction of Committee C-22 defines several of 
these terms as follows :— 

“2. (a) Luminous Reflectance: The ratio of the 
light reflected by any test specimen to that incident 
on it. 

(b) Luminous Directional Reflectance: 
The luminous reflectance that a perfectly diffusing 
surface would need to possess in order to appear 
exactly as bright as the test specimen under the 
same illuminating and viewing conditions. 

(c) Reflectance: An abbreviation used in 
this method for ‘ luminous directional reflectance 
for daylight relative to magnesium oxide for 
4§-deg. illumination and perpendicular viewing.’ 

(d) Reflectivity, Roo: The reflectance of a 
coating so thick that additional thickness does not 
change the reflectance. 

(e) Reflectance Over Black Backing, Ro: 

Reflectance of a coating in optical contact with a 
backing, the ideal reflectance of which is zero and 
the actual reflectance of which is less than 0.04 
(#per cent). 
(f) Coefficient of Scatter, S: Rate of 
increase of reflectance with thickness (weight per 
Whit area) at infinitesimal thickness of enamel over 
anideally black backing. 

(g) Contrast Ratio, Cg9: Ratio of the 

nce of a coating over black backing to its 
telectance over a backing of reflectance of 0.80 
(80 per cent).”” 

The relationships of reflectance Ro, reflectivity 
Roo, and contrast ratio or opacity, Cg, are shown 
chart (2, 3), constructed from the formula 

Kubelka and Monk,(4) shown in Figure 1. 


" Although all these properties are determined and 


in research, the term reflectance has in most 
famellers’ minds become synonymous with 


opacity. Since reflectance can be readily measured 
by a number of instruments with a satisfactory 
degree of accuracy for most purposes it is the 
value most commonly used in relation to an 
enamel. Thus an enamel is spoken of as having a 
75, 80 or 85 per cent reflectance under the con- 
ditions of use and the term opacity is not so 
commonly used. ; 

The phenomena involved in the determination 
of the reflectance of enamels are shown in 
Figure 2. 

In the illustration, the incident beam of light is 
shown to be partially reflected by the surface of 
the specimen as a specular beam (mirror reflec- 
tion), and except for a small amount of absorption 
the remainder is reflected diffusely as shown by the 
area. The intensity of this diffuse light is compared 
with that of the incident light. With a perfect 
mirror surface there would be no area of diffused 
light but only the specular or mirror reflectance. 
Since the white appearance of porcelain enamels 
is actually caused by the diffuse reflection of the 
light it is that portion in which we are particularly 
interested when evaluating the opacity. 

The direction of the incident light in testing 
porcelain enamels is usually specified as being at an 
angle of 45 deg. and the measurements of the 
reflected light at 90 deg. from the surface (or vice 
versa). This gives standard reproducible values 
for the measurement of diffuse reflectance while 
excluding the specular beam. 

In some instruments stich as the regular G.E. 
spectrophotometer these conditions do not exist 
and since specular reflectance is included in the 
readings they may be somewhat higher for glossy 
enamels. 


Phenomena of Opacity 
The fundamental principles which bring about 
the phenomenon of opacity are based on the 
behaviour of light as it passes from one medium 
to another or is reflected at the interface between 
two media. The white appearance of opacity is 
the visual effect of light rays of all wave-lengths 





metal finishing journal 


‘| 












































e0 8 
OPACIT¥~Cso 

passing in all directions. Such light is called 
diffused light and in porcelain enamels is brought 
about by reflection, refraction and diffraction as 
the light encounters media of different optical 
densities. Figure 3 shows the phenomena of 
reflection and refraction, 

The incident light beam is reflected and re- 
fracted at each interface. It is always reflected at 
an angle equal to the angle of the incident light 
and it is always refracted toward the normal when 
passing into a denser optical medium and away 
from the normal when passing into a medium of 
lesser optical density. 

If the surface of the enamel is not glossy but 
rough, then that part of the incident light reflected 
is reflected in many directions because of the fact 
that different parts of the incident light strike 
different parts of the surface at different angles. 
Ground or frosted glass has this property to a 
high degree and because of the diffusion of light, 
looks white. This diffusion by the surface is 
illustrated in Figure 4. 

A white enamel is microscopically made up of a 
matrix of clear colourless glass in which are 
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Fig. 1.—Diagram showing inte, 
relation of reflectance, reflectivity ang 
opacity. 

(Constructed from formula of Kubelka 
and Munk). 
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suspended microscopic colour. 
less, transparent particles of 
bubbles having a differen 
optical density from the glass, 
As light rays pass through the 
glass they encounter particle 
or bubbles and are reflected 
and refracted repeatedly in 
many different directions. |f 
the particle is smaller than 
the wave length of the light, 
the light ray is bent by the 
particle (diffracted). It is ob- 
vious that light passing. into a 


white enamel is _ therefore 
caused to travel in all direc. 
tions. This is the diffused 


light which gives to the eye the 
appearance of whiteness 
(opacity). The greater the 
number of interfaces, the 
greater the differences in density 
of the glass and the particles 
and the lower the absorption, 
the greater will be the diffusion 
of the light. 

Figure 5 illustrates the way 
a single beam of light can 
be reflected and refracted by a single particle 
such as a microscopic bubble in the glass. 

Within limits, the smaller the particle the greater 
the number of interfaces encountered by the light 
beam for a given distance of travel, the less the 
absorption, and the greater the diffusion and the 
opacity. 

In the development of maximum opacity of 
reflectance it is therefore desirable to use low- 
absorption materials, high differences of optical 
densities between the particles and the glass, anda 
good distribution of particles. The sizes of the 
particles should be at an optimum which is 
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MEASURE OF 
DIFFUSE 
REFLECTANCE 






Fig. 2.—Diffuse 
and specular reflec- 
tance. 





SOLID SAMPLE 
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estimated by B. W. King(5) to be about } micron. 
The phenomena of reflection and refraction drops 
off rapidly at lower diameters as only the rela- 
tively weak scattering caused by diffraction is 
eflective. For larger sizes the reflectance also 
drops off feirly rapidly and according to King 
varies as the total surface of the opacifying 
material varies. 

Although the optical density of glass varies 
depending upon its composition, this is not 
generally an important factor for consideration 
because it is overshadowed by the importance of 
other factors in the development of opaque 
enamels. Table I shows the indices of refraction 
of the common opacifiers. From this standpoint 
titanium oxide and zirconium oxide are superior. 

The sources of the opacifying particles in an 
enamel are as follows :— 

1. Insoluble materials added to the glass 

(a) In smelting, — SnO 2, ZrO», CeO, 
(b) In firing, — SnO,, ZrO, TiO, CeO>, 
complexes, etc. 

2. Crystals formed from the glass 

(a) In smelting and cooling, — NaF, CaF», 
TiO, ZrOx, complexes, etc. 
(b) In firing and cooling, — NaF, TiO», 
ZrO, and complexes 
3. Bubbles 
(a) Entrapped by occlusion 
(b) Developed by decomposition and chemi- 
cal reaction 
(1) clay 
(2) organic materials. 

It is probable that even the earliest white 
enamels used incorporated most if not all of 
these conditions, but the emphasis and control has 
gone through a great deal of research, develop- 
ment, and improvement. In the early history of 
taamelling, the fluorides, antimony, or tin-oxide 
opacifiers were used. Later zirconium and titan- 
lum opacifiers were employed. In special cases, 
arsenic, cerium, and bubbles were used extensively 


Fig. 3.—({Left) Reflection and 


Fig. 4.—(Above right) Reflec- 
tion from a rough surface. AIR 


Fig. 5.—({below right) A beam 
of light as it is reflected and 
refracted by a bubble of gas 
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The fluorides added to enamels are principally 
cryolite, fluorspar, sodium silicofluoride and to 
some extent sodium fluoride and to a lesser extent 
other fluorides.* In all cases where fluorides 
contribute opacity, sodium-fluoride crystals are 
the principal opacifying particle. The fluorides 
are soluble in the glass at smelting temperatures 
but sodium-fluoride crystals form on slow cooling 
or reheating. The crystals are small and a good 
white is developed.(!) Calcium fluoride crystals 


TABLE I. 
Indices of Refraction of Opacifiers. 





(a) Those higher than the glass 

















Approx 
Difference 
mea from Glass 
Antimony complexes Not available 1.5 
Titanium dioxide 2.50 1.0 
Zirconium dioxide 2.40 0.9 
Tin oxide 2.04 0.5 
Arsenic trioxide 1.73 0.2 
Glass 1.50-1.65 
(b) Those lower than the glass 
— 
Calcium fluoride 1.44 0.1 
Sodium fluoride 1,33 0.2 
Air (as example of glass) 1.00 0.5 
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also form under some conditions but they grow 
rapidly-and contribute little to the opacity of the 
enamel. Because of the fact that large amounts of 
fluorides added to enamels reduce the acid resist- 
ance, these enamels could not be made resistant 
except when fired to very high temperatures and 
with sacrifice of opacity. In all cases mill-added 
opacifiers were necessary, tin oxide being the 
principal material used, in amounts up to as high 
as 10 per cent, for many years. 

The introduction of antimony into fluoride 
enamels, first in small amounts up to 3 per cent 
greatly improved both the opacity and the acid 
resistance of these enamels. Special products 
containing sodium antimonate which contained 
antimony in the pentavalent form came on the 
market. The use of sodium nitrate in the frit 
batch to oxidize the antimony or its oxides to their 
higher valences greatly aided ‘the opacity con- 
tributed by the antimony in these enamels. 
Zirconium oxide was soon: found to be a good 
mill-added opacifier and was, because of its cost, 
soon used extensively. 

It was about this time that Danielson and 
Reinecker(®) presented a paper reporting a study 
of opacity based on the reflectance values ob- 
tained on a Koenig-Martins spectrophotometer. 
This introduction was followed by the development 
of other instruments and eventually led to a 
Porcelain Enamel Institute sponsored research at 
the National Bureau of Standards with W. N. 
Harrison as the chairman of the committee who, 
with his assistants at the Bureau and in consulta- 
tion with the industry committee, developed a 
convenient method for determining reflectance. 

In these years the tin oxide available to the 
enameller was improved and the zirconium oxide 
pretty well kept pace with this. Bubble opacity 
was introduced by Kreidel in Europe. This pro- 
cess consisted of adsorbing organic material such 
as methylene blue, resin, etc., on clay and adding 
small amounts of sodium nitrate as an oxidizing 
agent and ammonium chloride as a clarifier to the 
mill batch. This bubble opacity showed real 
promise and had it not been for its reduction of the 
scratch resistance of the enamel and the rapid 
development of super-opaque enamels high in 
antimony it would probably have been very 
successful. The development of standard tests 
for fineness of milling and the trend toward finer 
milling which was aided by the discovery that 
sodium nitrite added at the mill helped to avoid 
tearing, resulted in higher opacity because of the 
better distribution of the mill-added opacifier in the 
fired enamel. 

The development of so-called opaque and super- 
opaque frits brought about a rapid improvement 
in the opacity of enamels. These enamels con- 
tained up to 10 per cent of antimony oxide 





accompanied by titanium oxide, calcium fluoride, 
and sodium nitrite as an oxidizing agent. 4 
proper balance of the composition made possible 
the attainment of reflectances around 70 to 75 
per cent with much lighter coatings and with 
about 2 per cent of opacifier added at the mi 
In addition to the tin oxide and zirconium oxide 
mill-added opacifiers, Uverite, an antim 
titanium-calcium fluoride complex came on the 
market. The use of high-priced tin oxide de 
creased rapidly and even zirconium oxide as a mill 
added opacifier lost ground in the face of this new 
material. 

About this time zirconium super-opaque frits 
were developed to where their reflectances 
competed seriously with the antimony super 
opaques and the white colour was better. These 
zirconium enamels, however, lacked acid resist. 
ance. The zirconium was added to the frit batch 
as zircon and the opacity was developed as the 
zirconium oxide crystallized out of the frit when 
reheated and cooled in firing. To promote this 
phenomenon, the composition contained fluorides 
which were necessary to get the zircon into solu- 
tion at high temperatures of smelting and zine 
oxide and alumina to depress the solubility of 
zirconium oxide thereby promoting crystallization 
at firing temperatures. For many applications, 
this enamel became very popular and was used 
extensively. 

Prior to the war many people had been trying 
to develop titanium-oxide opacified enamels but in 
most cases a yellow or cream-white colour 
developed on firing. In some places, as in kitchen 
pans, it was not so objectionable so that it was 
used by some manufacturers. The acid resistance 
was good and the surface hardness excellent. 
Zwermann(7) demonstrated that a_ titanium- 
opacified enamel could give good reflectance when 
applied only two mils thick. He also showed that 
if the frit were recalcined with titanium oxide an 
enamel could be made which was pure white. 
This method, however, was never adopted by 
industry. 

Tinsley in England contributed greatly to the 
knowledge of titanium-opacified enamels and led 
the way for many years. 

Because of the shortages of materials during the 
second world war, investigations of all enamel 
compositions but more particularly, titanium- 
opacified enamels were inspired particularly in 
Europe, where compositions of high reflectance 
and good white colour were developed. In all 
parts of the world, however, the problem of 
developing good titanium enamels was showing 
promise. Compositions having excellent reflect- 
ance, and resistance and a good white colour were 
developed. These enamels were low in alumina, 
high in alkalis and contained up to about 16 per 
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TABLE II. 


Typical Composition Factors in the Development of Modern White Opaque Enamels. 


1940— 1946— 1940— 
Fluoride Low High 


Composition J 
Antimony 


25 


, per cent 


cent of titanium oxide. The reflectance, as with 
tircon enamels, was developed by the recrystal- 
lization of a clear frit during firing and cooling. 
The crystal phase was titanium oxide as anatase 
and rutile. 

The uniformity of the white colour and the 
stability of the reflectance were, however, very 
troublesome problems with those early titanium 
enamels. The work of many investigators aided in 
improving this situation. The presence of trace 
¢lements such as chromium and columbium in the 
titanium oxide was shown to be responsible for 
the yellow colour. The stability of the crystals 
involved and a balancing of the constituents other 
than titanium oxide were studied.. Small amounts 
of colour stabilizers such as gold and selenium 
were used. Intensive studies were made of the 
progress of crystallization, the nuclear formation, 
the crystal growth, and the inversions of the 
crystals and their sizes under different conditions. 
Although the control of colour is still a problem, 
as it has always been with enamels, titanium 
tnamels are now so superior to fluoride, antimony 
and zircon enamels that they have replaced them 


1940— 1940— 1946— 1947— 1955(8) 
Early Titanium | Titanium 

Titanium Crys- | AR Low 

Crystal g | tallizing Temp. 


28 5 


tallizing 





in all except special uses. In dry-process cast-iron 
enamels any of the crystallizing types are extremely 
difficult to control and because of the large amount 
of enamel which must be re-smelted, the titanium 
enamels have not been adopted. The high 
antimony enamel is most commonly used. 
Future developments are now on their way and 
looking toward low-temperature titanium enamels. 
The decrease in firing temperature of cover enam- 
els from 1,600 to 1,500° F. which is common today 
is continuing and enamels of good quality, 
firing at 1,450 and even 1,400° F. do not seem far 
away. There is hope that compositions can be 
developed which will fire between 1,250 and 1,300° 
F. with good quality, The problem, however, 
involves the development of good dependable first 
coats for these temperatures which may for many 
purposes be of satisfactory quality for the finish 
coat. The incorporation of such elements as 
barium, lithium and phosphorus or even lead may 
bring about the desired compositions. The many 
studies on the treatments and preparation of the 
iron for the first coat are an important factor, as 
(Continued in page 112) 










































112 


metal finishing journal 


march-april, 1936 





Properties, Tests and Performance of 
Electrodeposited Metallic Coatings 
(Continued from page 104) 


different methods and the means of measurement. 
Charts and photographs of surfaces showed the 
subsequent results. 

The report also described work done on the 
panels prepared for surface reflection and lustre, 
the effect of the work of the interferometer 
micrograms measured at the National Bureau of 
Standards, the evaluation of these same panels by 
the National Bureau of Standards’ goniophoto- 
meter work and their classification of the prepared 
panels. It also compared photovolt analysis and 
the work done by General Electric by the use of 
the spectrophotometer. 

* * * 


Metal Cleaning Prior to Electroplating by S. Spring 
(Pennsylvania Salt Manufacturing Co.). 


The author summarized and elaborated on the 
work done toward preparing Recommended 
Practices for Cleaning Prior to Electroplating. 
In addition to the general and specific recom- 
mendations which will eventually be published, 
some fundamental data obtained by the author 
in other work were discussed, including a treat- 
ment of the mechanism of metal cleaning. 

aa oa * 


The Standard Salt-Spray Test—Is It a Valid 
Acceptance Test? by A. Mendizza (Bell 
Telephone Laboratories). 


The salt-spray test has through the years 
achieved wide usage in the plating industry as a 
means of evaluating the quality of metallic 
coatings. Many specifications include the salt- 
spray test as an acceptance requirement. Yet this 
acceptance has not been without reluctance on the 
part cf both producers and users of electro-plated 
coatings. Reports from sufficient sources have 
from time to time indicated that the salt-spray 
test is not always reliable. Serious doubts as to 
the validity of test results and ability of predicting 
quality and expected performance of metallic 
coatings have been expressed by many. To 
establish the degree to which this test can be 
relied upon as a quality standard, B-8 has con- 
ducted an investigation with the following 
objectives: 

(1) to determine the relationship between 
salt-spray resistance and thickness of 
coating, and 

(2) to determine the reproducibility among 
several testing boxes. 

The results from these tests indicate that: 

(a) There exists little or no agreement among the 
— test boxes employed in these tests, 
an 








(6) No correlation between source of coat 
and test box was found possible. Further. 
more, the order in which the various pro. 
ducers of plated coating were placed 
depended on the test box used as well ag on 
the type of coating tested. The repro. 
ducibility of test results was found to be 
relatively poor with respect to position 
within the box. 

The author concluded that the investigation 

demonstrated that the salt-spray is neither 

reliable nor reproducible, and that its use as g 

standard acceptance test for plated coatings is of 

doubtful value. > 
* * * 

This Symposium is to be presented again at the 
Second Pacific Area National Meeting, Los 
Angeles, California, September 16-21, 1956, 
Following that, it will be published by the Society 
as a special technical publication. 





Opacity in White Porcelain Enamels 
(Continued from page 111) 


adherence is difficult to attain at low temperatures, 
and is necessary if low temperature whites are to 
be successful. 
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New Phosphate Coating System 
(Continued from page 106) 


tion. It is claimed for the JAM process that it can 
be operated at a temperature not significantly 
higher than that necessary for zinc phosphates and 
that the incerporation of suitable accelerators has 
brought the normal treatment time down to be 
tween | and 2 minutes. Additionally, experimental 
results are claimed which would indicate that the 
subsequent chromate rinse commonly used with 
zinc-phosphate solutions is not necessary in the 
case of the new process. ; 
The demonstration of the process was carried 
out on a small prototype plant, shown in Fig. |, 
installed at the company’s headquarters at 13-17, 
Rathbone Street, London, W.1. 
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TWO REPORTS ON PRODUCTIVITY 
Hot-Dip Galvanizing 


N important report, “* Productivity in Hot-Dip Galvanizing,” 

has been published by the Hot Dip Galvanizers’ Association. 
The report, which reviews productivity in the American general 
galvanizing industry, is based on a study made by the Associa- 
tion’s industrial engineer late in 1954, and is the first of a series 
which the Association will be issuing this year as part of its 
roductivity service for the industry. This service was set up at the 
end of 1954 and was financed jointly by the Association and by a 
grant from the Board of Trade out of the M.S.A. counterpart 


funds. 


The report suggests that although it would be unwise and perhaps 
dangerous to generalize about the U.S. galvanizing industry, it is quite 
clear that it is on the whole operating at an efficiency greater than that 
being achieved in the U.K., and a significant fact in this higher effi- 
ciency is the general American attitude towards productivity. Examples 
of this were frequently seen, one being that of a wire plant which in 
1941 produced 1000 tons per month with 600 employees of whom 
35 per cent were indirect labour, this output being increased in 1952 to 
1500 tons per month with only 235 employees, of whom 40 per cent 


were indirect labour. 


It was apparent that in the U.S.A. 
competition provides a constant spur to 
higher productivity, and this competi- 
tion also comes from outside the 
industry. For example, many galvan- 
irs were aware of the possible 
increasing use of alternative methods of 
the protection of steel from rust such 
as glass-lined water tanks, plastics and 
light metals. On the other hand, it 
appears that increased supplies of 
galvanized strip, coupled with the 
technical advances being made in its 
production, will result in further 
competition for the jobbing galvanizer. 
At the time of the visit, although the 
US. steel industry was operating at 
only 65 per cent capacity, galvanized 
sheet production was operating at 
per cent. It was interesting to note, 
also, that 75 per cent of the output of 
galvanized sheet was from continuous 
lines with speeds up to 300 ft. per min. 

The general sense of cost conscious- 
ness, the report says, which pervades 
all sections of management is another 
important feature of the American, as 
compared with the British, industrial 
seene. Even on the shop floor there is 
ageneral awareness of the continuing 


need to reduce costs as an insurance of 


future prosperity to all. It is generally 
agreed by management that an accur- 


ate and complete system of cost finding | 


is an essential preliminary to cost 
reduction. There is a general directive 
that “‘ everyone must focus his atten- 
tion on the need for continuous cost 
reduction,” and there is ample evidence 
that this directive is known and acted 
upon. Both medium and large firms 
are using systems of budgetary control 
and standard costing, and one -com- 
pany employed an excellent ‘‘ manage- 
ment incentive scheme,” based entirely 
on continuous cost reduction. 

In many companies methods 


| published. 





improvement is the work of a full-time 
engineer or a complete department, and 
the same sense of the need for contin- 
uous improvement is also apparent in 
the small firms. 

Continuity of the flow of production 
and the benefits from this is probably 
one of the greatest lessons that the 
U.K. galvanizer can learn from his 
American counterpart. More con- 
tinuous flow makes for increased 
throughput per kettle hour, and 
although mechanization is a_ help 
towards this end, continuity can be 
achieved without it. 

In general, human relations in the 
industry are considered side by side 
with the progress made in management 
education, safety, etc., and with 








Electroplating 


VER the past two or three years 

The British Non-Ferrous Metals 
Research Association has been operat- 
ing a special advisory service to 
electroplaters designed to assist in 
increasing productivity and technical 
efficiency in the industry. The 
Association’s investigators have visited 
the plating shops of a number of firms 
by arrangement with the management 
to make a detailed survey of works 
practice. Each survey has lasted from 
a few days to two or three weeks 
according to the size of the plant and, 
based on this survey, a confidential 
report was made available to the 
management of each firm indicating 
how productivity and efficiency could 
be increased. 

Certain general conclusions and 
recommendations have come out of 
this work and these have been em- 
bodied in a report shortly to be 
This is not a technical 
report dealing with the actual plating 
processes employed, but is to some 
extent the converse of the now familiar 
Productivity Team reports issued by 
the Anglo-American Council on Pro- 
ductivity. It picks out the points 
where practice is at fault, where 
production is hindered, or where lay- 
out is bad, and indicates how improve- 
ments can be made. 

All concerned with ‘he running of 
plating shops, whether managers, 
accountants, or shop supervisors, 
should find much of interest and value 

(Continued in page 114) 





relations with the trade unions. 

Summarizing it can be said that 
there are four fundamental factors 
contributing to the success of the U.S. 
galvanizing industry, viz. competition, 
cost consciousness, methods improve- 
ment and continuity in the flow of 
production. Much credit must be 
given to the capable and dynamic 
management, and management in the 
U.K. must be equally alive to the real 
factors in productivity, and must be 
energetic in applying the lessons to be 
learnt in the U.S. if full advantage is 
to be taken of the period of prosperity 
through which the industry is passing 
and sound foundations are to be laid 
for its continuance. 











TECHNICAL AND INDUSTRIAL 
APPOINTMENTS 


Mr. H. Silman, B.Sc., F.R.I.C., 
F.1.M, M.I.Chem.E., has joined the 
Electro-Chemical Engineering Co. Ltd., 
Weybridge, Surrey, as a director of the 
company. Mr. Silman will be prim- 
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(managing), Mr. E. C. Boucher and 
Mr. E. V. Norcock. 


* * x 


After more than 30 years’ service 
with The Mond Nickel Co. Ltd., in the 
United Kingdom and its Inco affiliates 
in the U.S.A; and Canada, Mr. Ralph 
H. Atkinson has retired as head of the 
platinum metals section of the Inter- 
national Nickel Company’s research 
laboratory at Bayonne, New Jersey, 

S.A. 


Mr. D. K. Coutts, M.Sc., A.R.L.C., 
has been appointed manager of the 
technical office of the company in 
Bombay. Mr. Coutts, who succeeds 
the late Mr. J. McNeil, joined the 
company in 1952, after a period as 
chief metallurgist of the Indian Iron 
and Steel Co. Ltd., in West Bengal. 


* - * 


Sir Henry Tizzard, G.C.B.; A.F.C., 
F.R.S., director of Glaxo Laboratories 
Ltd., Solway Chemicals Ltd., and a 
member of the National Research 
Development Corporation, and Mr. 
Frank Schon, chairman of Marchon 
Products Ltd., and Solway Chemicals 
Ltd., have been appointed to the 
board of Albright and Wilson Ltd. 


* * * 


Mr. A. J. Lowe, who for 36 years 
was manager of the London office of 
Thompson Bros. (Bilston) Ltd., has 
retired. He is succeeded by Mr. C. W. 
Wiles of the Bilston headquarters of 
the company. 





Mr. H. Silman 


arily engaged in furthering the 
company’s export of Efco-Udylite | 
products and processes. It will be | 
recalled that since 1952, Mr. Silman | 
has been research manager of the | 
engineering research centre, in Bir- | 
mingham, of the Ford Motor Co. Ltd. | 


* * * 


Mr. R. S. Medlock, B.Sc., A.R.I.C., 
A.M.I1.E.E., A.M.I.Mech.E., has been 
appointed to the board of George Kent 
Ltd. Mr. Medlock is head of the 
company’s research and development 
department. 

The research and development 
activities of Export Packing Service 
Ltd., will be taken over by a subsidiary 
company to be known as E.PS. 
(Research and Development) Ltd. 

Mr. D. Gonda, until the end of 
1954 managing director of Holoplast 
Ltd., has been appointed technical 
director of the new company and will 
assume control of all research and 
development activities. 





The other directors of the new com- 
pany are: Mr. R. G. Boucher 





Productivity Report—Electroplating 
(Continued from page 113) 


in a report drawn up by investigators 
familiar with, but sufficiently detached 
from, the industry to take a truly 
objective view of every-day practices 
which those engaged in the industry 
take for granted. 

The report is available free of charge 
on application to The British Non- 
Ferrous Metals Research Association, 
Euston Street, London, N.W.1. Con- 
ferences are to be held to discuss this 


| report in Birmingham on the 7th June 


and in London on the 14th June, and 
further particulars may be obtained 
from the Research Association. 

The Research Association was 
enabled to establish and operate this 
advisory service for electroplaters— 
which augmented and extended to non- 
members the ordinary technical con- 
sulting services available to member 
firms—by financial assistance received 
through the Conditional Aid Scheme 
for the use of Counterpart Funds 
derived from the United States econo- 
mic aid administered originally by the 
Mutual Security Agency and latterly 
by the International Co-operation 
Administration. 


OBITUARY 









march-april, 19% 





Ashton: Mr. Leslie C, 
managing director of Ashton and 
Moore (Metal Colourers Ltd.) digg 
recently. Educated at H 
Grammar School, Birmingham, and 
at Birmingham University, Mp 
Ashton studied metallurgy and afte 
obtaining his B.Sc. carried out reseageh 
into the properties of this metallic 
films for which he was awarded the 
degree of M.Sc. 

On leaving the University, together 
with Mr. C. E. Moore, he founda 
1922, the business of Ashton and 
Moore with the intention of e 
a process of metal colouring wi they 
had developed. Later the 
carried out electroplating and anodi. 
ing and it was in these fields that Mr, 
Ashton was so well known. 

He took a great interest in th 
Institute of Metal Finishing, the 
Metal Finishing Association and th 
B.N.F.M.R.A., and was a well-known 
member of a number of committees, 

Foster: Mr. E. F. Foster, M.InstF, 
for many years one of the U.K. senior 
sales representatives of George Kent 
Ltd., died recently at the age of 56, 
a. Foster joined the company in 









New Standards for Plating 
Materials 


HE series of standards covering 

materials used in electroplating has 
been extended by the British Standards 
Institution by the issue of the following 
two documents :— 

B.S. 2656. Zinc anodes, zinc cyanide 
and zinc oxide for electroplating. 

B.S. 2657. Fluoboric acid and 
metallic fluoborates for electroplating. 

B.S. 2656 specified requirements for 
zinc anodes which are specifically of 
the purity of high-purity zinc in 
accordance with B.S. 1003/4 ‘High 
purity zinc and zinc alloys for die 
casting.” ; 

However, because of the deleterious 
effect of mercury in zinc coatings on 
certain metals, particularly on brass 
and aluminium, an upper limit for 
mercury has been included, although 
mercury is rarely found in virgin zine. 

The standard lays down maximum 
impurities for zinc cyanides, zine 
oxide and zinc anodes. Methods of 
test are also specified. 

B.S. 2657 specifies requirements for 
two grades of fluoboric acid and for 
solutions of lead fluoborate, tm 
fluoborate and copper fluoborate. | 

B.S. 2657 also specifies composition, 
limits for impurities and methods of test. 

Copies of these two documents are 
available from the British Standards 
Institution, Sales Branch, 2, Park 








Street, London, W.1. Price 4/- 
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LONDON METAL FINISHERS CHANGE VENUE 
OF ANNUAL DINNER AND DANCE 
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Here seen receiving guests at the recent annual Dinner and Dance of the 
London Branch of the Institute of Metal Finishing are the chairman of the 
Branch, Dr. E. E. Longhurst and Mrs. Longhurst, supported by the President 
of the Institute, Mr. R. A. F. Hammond and Mrs. Hammond. 

This function, which was attended by a record number of members, was held 
on this occasion at the Waldorf Hotel. 


HE report of the Tin Research 

Institute, Fraser Road, Perivale, 
Greenford, Middlesex, for 1955; deals 
fully with the progress of research 
work on hot-tinning, tinplate, soldering, 
electro-deposition, metallurgy and 
organotin compounds. 

An improved method of tinning 
cast iron is described which was 
developed during the year and is 
known as the “Direct Chloride” 
method. 

Tinplate researches were successful 
in producing a new test for assessing 
the ability of tinplate to resist rusting 
due to the atmosphere. Studies were 
continued on the flow-brightening of 
electrolytic tinplate. 

The electrodeposition of tin and its 
alloys has received further study and 
the tin-zinc and tin-nickel alloy 
coatings are gaining ground in industry 
| throughout the world. The value of a 
| thin flash of electrotin as a protective 
plating over steel which is subsequently 
to be painted is now becoming more 
appreciated. Systematic research into 
the mode of action of addition agents 
in tin and tin-alloy plating baths has 
| continued. 


LABORATORY EXTENSIONS BY BLYTHE COLOUR WORKS 


A new laboratory block of which a photograph appears below, has recently been completed by Blythe Colour 
Works Ltd. In the thirty years since the company was founded by the late Mr. Fred Wildblood, the works has 
expanded rapidly, and the latest addition comprises eight works laboratories, three research laboratories, a mill 
room, works management offices, and a showroom-library. The construction of this new extension was held up 
for several years and a start was only made at the beginning of last year. Before the building could be erected 
it was necessary to divert and bridge the river Blythe, which runs alongside the works. 

On show in the new premises will be some of the thirty-six thousand different colours manufactured and 
marketed by the company. It may well be fair to claim this range as unique, including as it does practically 


every type of known pigment. 


Commencing with the production of colours for the pottery industry, the company now supplies a very wide 


range of ihdustries in most countries of the world. 























INTERNATIONAL 
CONFERENCE ON 
HOT-DIP GALVANIZING 


HE Fourth International Con- 

ference on Hot Dip Galvanizing 
will be held in Milan from June 11 to 
13, 1956, and will be similar to the 
previous conferences organized by 
the Zinc Development Association, 
who are being assisted on this occa- 
sion by the newly-formed European 
General Galvanizers’ Association. 

Milan, with its central position in 
the industrial northern plain, is the 
principal manufacturing, commercial 
and banking city of Italy. It is linked | 
by an efficient system of railway and | 
air communications not only with the 
rest of the peninsula, but also with all | 
other important European cities. The 
conference sessions will be held in the! 








National Scientific and Technical 
Museum (Museo Nazionale della 
Scienza e della Tecnica), which 


provides an excellent meeting place 
and which is superbly equipped for 
simultaneous translation and film and 
slide projection. 

Although now a centre of commerce 
and manufacture, Milan is also a city 
rich in artistic treasures, which include 
the magnificent Gothic cathedral and 
the famous “* Last Supper ”’ by da Vinci 
as well as numerous ancient churches 
and fine examples of modern archi- 
tecture. Visits to the principal places 
of interest and to the nearby Italian 
lakes form part of the programme. 
Plans are being made for the entertain- 
ment of ladies during the technical 


sessions. 
Programme 

The formal proceedings will open 
with an official ceremony on the 
morning of Monday June 11. The 
technical sessions will be held during 
the mornings of Monday, Tuesday and 
Wednesday, leaving the afternoons, as 
far as possible, free for visits and 
excursions. Simultaneous translation 
into four languages—English, French, 
German and Italian will be given at all 
the technical sessions so as to make 
possible unhampered discussion. 

The conference will be preceded by 
an informal reception during the 





evening of Sunday, June 10, providing 
an opportunity for delegates to get to 
know each other and to renew old 
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EXHIBITION OF 
INDUSTRIAL AND DECORATIVE FINISHES 


Early in February, an exhibition was staged by International Paints Ltd., at the 
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Imperial Hotel, Birmingham, at which some 50 industrial products coated with 


finishes marketed by the company were on show. 


Some impression of the 


scope of this colourful display can be obtained from the above photograph of 
part of this exhibition, which in spite of very adverse weather conditions, 


attracted a large attendance. 





acquaintanceships; and will end with a 
banquet on Wednesday, June 13, for 
delegates and their ladies in one of 
Milan’s leading restaurants. 

Visits will be made to galvanizing 
works on Thursday and Friday, and 
excursions to places further afield will 
be arranged during the following week. 

The technical papers, which will be 
presented by leading authorities from 
Europe and the United States, will be 
of value to all galvanizers. Although 
many will deal with general galvaniz- 
ing, they will also be of some interest 
to the sheet and wire industries. 

The first paper presented to the 
conference will be a critical review of 
interesting features of galvanizing 
practice in various European countries, 
including plant performance and mat- 
erials handing. It will be similar to 
the paper presented at the Copenhagen 


conference in 1950, and will, it is 
hoped, provide a graphic illustration of 
the progress made by the industry 
during the past five years. 

The second session on Monday 
morning will deal with mechanization 
in general galvanizing plants, and will 
include a paper from the ae 
industry. The first session on Tues 
will be concerned with a polis 
of the merits of the different methods 
of heating galvanizing baths and the 
methods of construction of steel pots. 
During the second session, papers Wi 
be discussed on the galvanizing of cast 
iron and on the effect of steel composi- 
tion on molten zinc attack. 

The first technical session on the 
Wednesday will deal with the painting 
of galvanized steel and with tests for 
the zinc coating, and the conference 

(Continued in page 117) 






















bod 


—o eu e>pSe@seSERESER EER SRESER Feo 2-4 5 






HES 








march-april, 1956 metal finishing journal 


S| TECHNICAL 
BOOKSHELF 

liar ahetanhieieaniimia nent 
“Specifications and Tests for Electro-deposited Metallic Coatings.” Published by 


the American Society for Testing Materials, 1916, Race Street, Philadelphia, 
USA. Price $1.85 to non-members. 


HIS booklet which consists of 92 pages of script, contains a number of 
Migecifications for various coatings, methods of carrying out tests, and 
recommended practice for certain treatments. 

The specifications are for the following :— 

Zinc on steel; cadmium on steel; nickel and chrome on copper and 
copper based alloys; nickel and chromium on zinc and zinc-based alloys; 
lead on steel; and chromate finishes on electro-deposited and hot-dipped 
zinc coatings and on zinc-based die-cast surfaces. 

The specifications for nickel and chrome on steel, lead on steel and the 
chromate finishes are marked “ tentative.” 

These specifications run generally in line with British practice. As docu- 
ments they are somewhat more loosely worded than the relative B.S.I. 

tions and include such clauses as “* The steel to be plated shall be 
substantially free from flaws or defects . . . ” although how this could be 
checked and whether the plater is to be held responsible is not stated. Various 
qualities of coating are designated by symbol letters instead of the method 
adopted by B.S.I. of giving the symbol of the metal to be deposited plus the 
thickness in ten thousandths of an inch. It is not possible, therefore, to know 
the thickness of the coating without referring to the specification. The 
definition of significant surfaces is generally the same but it is noticeable that 
while the B.S.I. have specified those parts of a surface which can be touched 
bya l-in. diameter ball, the A.S.T.M. have adopted a }-in. ball, or alter- 
natively, one agreed upon by manufacturer and purchaser. A good deal of 
the requirements of the specification appear to be left to agreement between 
the two parties rather than a standard practice being laid down which can be 
varied by agreement as is done by the B.S.I. The thickness of coating is often 
given to five or six figures, in some cases the last one being a nought, although 
itis unlikely that the measurements can be made to this degree of accuracy. 
Anote is also incorporated to call attention to the fact that threaded parts and 
others which have to fit together cannot be plated with the heavier coatings. 

The specification for nickel and chromium on steel gives a top quality 
having a minimum coating of 0.002-in. This is somewhat thicker than is 
normally used in this country and also, seemingly, than is normally used in 
America. The other coatings are roughly the same order of thickness as the 
BS.I. specification. 

After each specification an Appendix is given giving the current densities 
and times required to obtain the thickness specified—this is undoubtedly of 
use to the plater. 

Three methods of testing are given, namely, a method for measuring the 
local thickness, a method of carrying out the salt-spray test and a method for 
carrying out the acctic-acid/salt-spray test. The methods for testing thickness 
are similar to those put forward in B.S.I. specifications, the micro being the 
accepted thickness test for most metals and the time of gassing test for 
chrome deposits. 

Inan Appendix, magnetic methods of estimating thickness are also described 
orm dropping test which is apparently used by Americans in preference to 

Jet test. 








ae 


MOND NICKEL FELLOWSHIPS 


HE Mond Nickel Fellowships 

Committee are inviting applications 
for five Fellowships in 1956 of an 
approximate value of £900 to £1,200 
each. Fellowships will be awarded to 
selected candidates of British nationality 
with a degree or equivalent qualifica- 
tions to enable them to obtain wider 
experience and additional training in 
industrial establishments, at home or 
abroad. It is hoped that they will then 
be suitable for future employment in 
senior technical and administrative 
positions in British metallurgical 
industries. Each Fellowship will 
cover one full working year. Applic- 
ants will be required to state details of 
the programme they wish to carry out. 
Particulars and forms of application 
which must be completed by June 1 
are available from: The Secretary, 
Mond Nickel Fellowships Committee, 


4 Grosvenor Gardens, London, S.W.1. 








Galvanizing Conference 
(Continued from page 116) 


will conclude with a consideration of 
possible new markets for hot-dip 
galvanizing. 

Galvanizing works both in and near 
Milan and in other parts of North 
Italy will be visited, mostly in the days 
immediately following the close of the 
technical sessions. Arrangements may 
also be made for delegates to see other 
types of industry, including natural gas, 
silk textiles and a zinc-producing plant 
near Venice. 

Further details may be obtained 
from the Zinc Development Associa- 
tion, 34, Berkeley Square, London, 
W.1. 





The salt-spray test is described in rather more detail than in the B.S.I. specifications and is carried out at a temperature 
of 95 plus 2 or minus 3° Fahrenheit, as against the British method where this test is carried out at room temperature. 
The acetic-acid/salt-spray test is also described in some detail. This test has been tried out but it is doubtful whether 


itis as satisfactory as a sulphur-dioxide atmosphere. 


A number of recommended practices are given and these are undoubtedly useful. They are drafted to be used by people 
who are familiar with plating processes and represent the best methods of carrying out the various operations. Recom- 
mended practices for chromium plating low-carbon steel and steel for engineering use; preparation of low-carbon steel for 
clectro-plating ; preparation of high-carbon steel for electro-plating; preparation of zinc-based die castings for electro- 
Plating; preparation for all electroplating on aluminium and aluminium alloys; preparation for all electro-plating on 


stainless steel; preparation of copper and copper-based alloys for electroplating. 


F recommendations have obviously been drafted with some care by people who are experienced in carrying out 
these processes. Exact details of solutions, etc., are not usually given but sufficient information is given to enable anyone 
who is familiar with plating processes to carry them out. Undoubtedly these recommended practices, are the most useful 


Part of this booklet from the British point of view. 


The whole booklet is certainly worth having for anyone carrying out plating operations. 


E. A. OLLARD 
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Meetings of the Month 


April 17-21 
Institute of Metal Finishing. Annual 
Conference at the Norbreck Hydro, 
Blackpool. 


April 24 

Society of Instrument Technology 
(London Section). ‘‘ Dynamic Char- 
acteristics of some Neutralization 
Processes and of Glass pH electrodes,” 
by Professor Ir. H. ers, 
M.I.Chem.E. Joint meeting with the 
Control Section at Manson House, 
Portland Place, London, W1 6.30 


p.m. 
April 25 

Society of Chemical Industry (Cor- 
rosion Group). Annual general meeting 
and Spring Lecture on “ Pitting and 
Cracking "’ by U. R. Evans, F.R.S., at 
S.C.I. Headquarters, 14-16 Belgrave 
Square, London, S.W.1. 6.30 p.m. 

Institute of Metals. ‘‘ The Beginnings 
of Metallography,” by Professor Cyril 
S. Smith, Sc.D. (of the University of 
Chicago) at 4 Grosvenor Gardens, 
London, S.W.1. 6.45 p.m. 


April 27 

Institute of Metal Finishing (Sheffield 
and North East Branch). ‘“‘ Bright 
Nickel Plating, Pre-treatment and 
Solution Maintenance,” by H. J. 
Bache, A.R.I.C. and D. R. Newman, 
B.Sc., at the Fitzwilliam Room, Grand 
Hotel, Sheffield. 6.30 p.m. 


May 3 
Institute of Metal 
i Branch). “* Works 
Instrumentation and Automatic 
Control,” by W. F. B. Baker, 


A.M.LE.E., and “* Laboratory Instru- 
ments and Techniques,” by G. L. J. 
Bailey, Ph.D., D.I-C., F.Inst.P., at the 
James Watt Memorial Institute, Great 
Charles Street, Birmingham, 3. 6.30 
p.m. 


(Glasgow Branch). ‘“ Paints in Rela- 
tion to Maintenance,” by T. H. 
Bullions, at the Scottish Building 
Centre, 425/427 Sauchiehall Street, 
Glasgow. 7 p.m. 


May 14 
Institute of Metal Finishing 
Branch). “‘ The Processing of Gramo- 


phone Matrices,” by C. H. Rumble, 
C.G.1.A., at the Northampton Poly- 
technic, St. John Street, London, 
E.C.1. 6.15 p.m. 


| Paints 
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‘TRADE and TECHNICAL PUBLICATIONS 


** Bonderite ”’ Calendar: The 
“* Bonderite”’ calendar is a familiar 
feature in many offices in this country 
and it is interesting to note that the 
April issue is the hundredth to be 
published. This monthly calendar is 
issued by The Pyrene Co. Ltd., Metal 
Finishing Division, Great West Road, 
Brentford. This hundredth issue 
bears a tribute to the oldest commerci- 
ally active licensee of the company by 
featuring telephone equipment manu- 
factured by the Coventry Telephone 
Works of the General Electric Co. Ltd. 

** Pretreatment News ’’: The third 
issue of this publication produced by 
Imperial Chemical Industries Ltd., 
Division, Wexham Road, 
Slough, Bucks., contains an article on 
the use of Dexion slotted angle and the 
protection that it is given by phos- 
phating before painting to improve 
paint adhesion and to prevent the 
spread of rust from any point where 
the paint film is damaged. 

Another article describes the finish- 
ing process that takes place at the 
works of Ruston-Bucyrus Ltd. who 
are constructors of. earth-moving 
equipment. The whole question of 
metal preparation is gone into and the 
details of treatment explained, from 
the removal of scale and rust, through 
phosphating and priming to the hot- 
spray stoving finish. 

Frits: A booklet issued by Escol 
Products Ltd., Paisley Works, Swains 
Road, Tooting Junction, London, 
S.W.17., for the information of the 
vitreous enamelling industry describes 
the complete range of Escol frits for 
application to sheet and cast iron, and 
gives a brief description and specifica- 
tion of these frits to assist the enameller 
to decide which type is best suited for 
his productions and plant conditions. 

Listed in this booklet are a full 
series of acid- and non-acid-resisting 
ground coats and cover coats for a 
wide range of applications. 

Paints and Metal Pretreatment Pro- 
cesses: A newcomer in the field of 
publications relating to metal finishing 





Change of Address 


The Chemical laboratories of the 
Electro-Chemical Engineering Co. Ltd., 
of Netherby, Queens Road, Weybridge, 
Surrey, are now located at Forsyth 
Road, Sheerwater Trading Estate, 
Woking, Surrey. 

All solution samples for analysis 
and correspondence relating to the 
Efco-Udylite processes, should be 
addressed to Woking. 

The Electro-Chemical Engineering 
Co. Ltd. is a member of the Efco 





Group of Companies at Weybridge. 
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is the first issue of “The Cello 
Bulletin,” published by Cellon Ltd, 
Kingston-on-Thames, Surrey, It ig tp 
be a quarterly review of the 
developments in paints and protective 
finishes for all purposes. 

In this first number is a brief history 
of Cellon finishes from their inception 
in 1911, when the company was pri. 
marily concerned with cellulose acetate 
proofing of fabrics for aircraft, 
through to the present day. 

Also included in this issue is some 
information on pre-filling of 
epoxy enamels and Celletch, self. 
etching primer. This is a cream-tinted 
self-etching primer which combines 
in One operation the chemical pre. 
treatment, priming and un i 
processes, and which may be air dried 
for 30 minutes or stove hardened, at 
approximately 250° F. for 10 minutes, 
This primer is particularly designed for 
aluminium, zinc-coated steel and other 
difficult metals. 

Flexothene: A broadsheet produced 
by the Flexothene Division of Vitaloid 
Products (Manchester) Ltd., 11 Duke 
of York Street, St. James’s 
W.1., gives full details of the uses and 
properties of Flexothene, a develop- 
ment of polythene which is claimed to 
have many advantages over its pre- 
decessor. 

Some of its properties that are given 
are its flexibility, light weight, strength, 
consistent gauge, etc. Widespread use 
is being made of Flexothene as a 
packaging agent and many examples 
are given of the commodities that can 
be, and have been, successfully packed 


In it. 

Also included in the broadsheet are 
tables of the transmission of water 
vapour, mechanical properties, trans- 
mission of liquids through Flexothene 
and a table of gauge, width and yield. 

The material is available as layflat 
tubing, film, cut sheets, cut lengths of 
tubing and bags— plain, gusseted, 
block bottom or draw string top. 

Neoprene Notebook: This publica- 
tion which is produced by E. I. Du 
Pont de Nemours Inc., U.S.A. and 
distributed in the United Kingdom by 
Durham Raw Materials Ltd., 1-4 Great 
Tower Street, London, E.C.3, describes 
the properties and applications of 
Neoprene synthetic rubber. 

Among the illustrations given are 4 
waterproof torch made from a Neo 
prene case which is safe to use near 
electrical equipment because it has no 
exposed metal parts, and it is also 
claimed to resist deterioration from 
oil, weather conditions, petrol, acids 
and other chemicals. Readers who 
would like to receive a regular 
of the Notebook should contact 
U.K, distributors at the above address. 
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Latest Developments 
in 





PLANT, PROCESSES and EQUIPMENT 





Grinding, Polishing and Fettling Machine 

NEW machine for grinding, polishing and 
A fettling (Fig. 1) the Trumpf Universal, TUM300, 
has been introduced into this country by F. J. 
Edwards Ltd., 359-361, Euston Road, London, N.W.1. 

It has an infinitely variable speed control of between 
1,000 and 12,000 3,600 and 30,000, and 20,000 and 
40,000 r.p.m. Each requires a special flexible lead 
and handpiece, and by means of this variation a wide 
range of rotary tools may be used at their most 
economical speed. 

Supplied as standard with each machine is one 
flexible lead, 59 in. long, with a handpiece, suitable 
only for speeds between 1,000 and 12,000 r.p.m. For 
finer work in this speed range, a second flexible lead 
with a handpiece is obtainable. Speeds may be 
changed while the machine is running and checked 
by a dial; and the design of the setting mechanism is 
such that accidental changing of a set speed is made 
virtually impossible. 

Rasps, milling cutters for metal and wood, files, 
carbide cutters, felt and rubber bobs, ceramic, 
Bakelite and nylon-bond grinding wheels, wire 
brushes, etc., are included in the rotary tools which 
are obtainable as an optional extra. 

These machines are arranged either for bench or 
pedestal mounting, or overhead suspension; and 
fitted either with a 3-phase or single-phase A.C. 
motor, as required. Standard voltages for 3-phase 
AC, supply are, 110/190, 125/220, 220/380 or 
290/500; for single-phase A.C., 110 or 220 volts. 


Oil and Water Separator 
A SEPARATOR (Fig. 2) which is claimed to 
remove oil completely from air lines at tem- 
peratures up to 300°F. and water from lines where 
condensation has taken place, is being produced by 
— Bullows and Sons Ltd., Long Street, Walsall, 

Oil normally exists in compressed air in very fine 
particles, resulting in an aerosol (a liquid in stable 
suspension in air) which provides a problem for 
normal filters and separators. 

The new separator consists of banks of specially 
produced long fibre felt pads, which become wetted 
by the passage of contaminated air and cause the very 
fine particles of oil and water to coagulate. This 
increases the particle size, so that the oil and water 
can then be easily separated from the air streams. 

The filter is self-cleaning and discharges collected 
oil and water through an automatic valve. It is 
claimed that it will operate for long periods without 
any attention, and without the filtering medium 
becoming saturated. 

Two wall-mounting sizes are available, the E.200 
with a capacity of 20 c.f.m. at 100 p.s.i. and the E.250 
with a capacity of 65 c.f.m. at 100 p.s.i. 


Fig. 1. (right) 
Grinding and Polish- 
ing machine. 








Fig. 2. (below) 
Air line water and 
oil separator. 











pray Nozzle Saves Water 


Ss 
ANUFACTURING rights have now been 
finalized for the production under licence in 
t...s country, of the Meynall spray nozzle, and it is 
now in the process of being marketed on a national 
scale by Meynell and Sons Ltd., Montrose Street, 
Wolverhampton. 

The body of the nozzle is manufactured from high 
quality bronze and all the working parts from suitable 
hard wearing alloys. It is covered by a renewable 
rubber cover giving a long life, preventing scratches 
or damage, and withstanding exposure to heat. 

It is operated with a trigger-type, shut off valve and 
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a variation of water discharge from a mist spray to a 
pencil jet is controlled by hand pressure on the trigger. 
The shut-off valve closes automatically when the 
trigger is released by the operation. It is suitable for 
both rubber and plastic hose and all types of water 
except steam. The spray nozzle is normally supplied 
with two adaptors for use with either } in. or } in. 
hose, but any size adaptor is available in lieu, at no 
extra charge. A fire brigade fitting is also available. 


Deburring Tool 
A NEW American deburring tool, (Fig. 4) the ““Burr- 
qwik”’ is now marketed in the United Kingdom 
by Douglas Kane Associates, 5, New Quebec Street, 
London, W.1. 

Model 500 consists of a handle with two inter- 
changeable blades which are shaped to a hook-end. 
The blade when inserted in the handle is held inside 
by a circlip and is thereby free to swivel. The hook 
is engaged on the metal edge, and by scraping the 
tool along the edge the burr is removed. The 
swivelling action of the blade is particularly advan- 
tageous on round sections as it is not necessary to 
turn the hand while following the round edge but 
allows this to be done automatically by the rotating 
swivel-action of the blade. 

The handle is of anodized aluminium and the 
blades are made of super-hardened high-speed tool 
steel. 

The tool can be used for all metals and plastics, on 
cut, punched, moulded and processed edges. The 
amount of burr removed is controlled by the extent 
of pressure exerted on the blade. 


Air Motor 
ODIFICATIONS have been made to the 
Bullows L.20 Air motor (Fig. 3). to increase its 
life between overhauls. 

Nitralloy rollers are now used instead of high 
carbon steel to operate the trip valve. Synthetic 
rubber buffers are fitted in the shuttle valve to reduce 
hammering, and, as this has reduced the noise from 


Fig. 3.—Modified air motor. 


Fig, 4.—Deburring tool. 


valve gear, a silencer is fitted on the exhaust to 
the unit almost inaudible when running. 

These air motors are frequently used 24 hour 
day, 7 days a week, and, under reasonable op 
conditions can run for about 3 years without attenti 
It is hoped that the modifications will extend 
life to about 5 years before an overhaul is nece 

The motor, which develops a torque of 400 in. par” 
lb. at an air pressure of 80 Ib. per sq. in. witha 
reversing motion of 180 deg. and a maximum of 
double strokes per min. is used for the agitation ¢ 
paint, chemicals, patent foods and any material 
there is a high fire risk. It is used for driving lig 
slow-speed conveyors, automatic filters, and 
light mechanism. It consumes only | cu. ft. 
minute of compressed air and is simple to fit, bet 
secured by a single padbolt. 

It is manufactured by Alfred Bullows and § 
Ltd., Long Street, Walsall. Staffs. 


Automatic Oil Fired Boiler 
A COMPLETE range of “‘small’’ fully auto 
oil-fired boiler burner units has been introduced 
by Frederick Kay (Engineering) Ltd., Nashleight_ 
Works, Chesham, Bucks. 

There are seven models available, ranging from: 
25,000 B.Th.U to 100,000 B.Th.U. output. 
‘Hikon’ principle of heat exchange is incorporated itt 
all models and a net operating efficiency of 75 per cali 
is guaranteed. eo 

Two distinct types of burner are offered depending” 
on size of unit: ‘L’ series. Lucas ‘Oil-O-Matic’ low: 
pressure gun-type burner is able to burn at a 
low oil rates (0.4 Imp. g.p.h.) with reliability 
freedom from attention. ‘K’ series Kieft ful 
automatic on/off operating, self-igniting, vapori 
burners. 

Particular attention has been paid to complete 
enclosing all components and producing attrac! 
lines without sacrificing ease of maintenance. 











